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mm^] mmm 

xitmm^^^ \^ti^mA^nr^r^ jmm^i!^m-t^y\'^-y'v 

[ff*«4] K®T^ 7^SB^J;^)^SH^^J##2~5©Mtl*^®BH^fi7&^e)^^^ 

o 
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[ff^^is] nm^mt)\ 6m&.±(Dr^ jmmm^m^^^-:f'^\^<DmAt. 

feffT'^^, if 1 4 SH«®^^„ 

^®T^ y ^i3^!l<DLeu3 0 5 -Asp 3 10^, Glu3 6 Z^Rnc^iS^^^ibmit 

m^^i 4 \zmm(r>mm. 

m^mi 4 \zt^m(Dmm. 
[f»*:S2o] if^^^i 4-1 9 ^clB«$4^fe^^$:-^^T';&-g., mmmizmx 

[li*]S2 1] It^^Sl 4~1 9{CIH«$tlfe^^$:-^^T'^^, ^^^iCfffA 
[»*«2 2] If^^l 4-1 9^cfH«$tlfc^^^Mv^Sii:S:#:^ht-'2>, 

mmm\zmx^f:L\tm.m^t\.r=.^zr^ \^^^m't^mm.<Dm'&ismo 

[f»^^2 3] |»^]«l 4-1 9lCfH«$tlfc^Sl^, mS^{C**A^:/^«gg| 
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[»#«24] if^]^! 4-1 9{cfH«^ti^^^^. mmm\z.mK-tfz.\xmM 

CM*^2 5] ft^:^l 4~1 9^C|H«$tl;t^^$:-^^T'^^, M^^lC^A 
[«^«2 6] ft^JSl4~l 9 ^CfB«$tl^^^$:-^^T';&-5, M^^tCtfA 

[»^«2 7] if^^i 4-1 Q\zmm-^nr=.mm^m^^^^ii^mmi-t^. 

[M#«2 8] m^^l 4~l 9Cfa«$ti7^^^i:, ^^^Ic^fA^feligm 

l?i2JfJ<DLeu3 0 5 -AspS 1 0 fi, GluS 6 2 ^^t>*C7f5j^}^^ e^jglitl-S-ffi^tcD 

[S^^3 0] M^^2 9fa«(D7N-r >^U K^llit^d^$:^^^-DNAlCf# 
A L ^ r -2. iTM^M^^;i D N A „ 

Cm#«3 1] fi^^SS OfH«(DM*^mx.DNAS:^tf?^K^m#iXli?^S^A 

Cii^«3 2] |f^]S3 lSB«(Z)?^^«gl^Xti?^M#A<*^$:^«b, 

fcgg^XttJf ASn^T^ y^ESe^'Jtc, ^MT^ y^@B3?'Jlc^-^liS:;t-r-5^^ 
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SE@H^'J®Leu3 0 5 -Asp 3 1 0 -K, Glu3 6 2^RX^CM^i}-'^Mitn^^M(D 

[M*:S3 4] m^ms 3fB«<D/^-r^U «y FPSa^^^:^^ ^ - D N A ICff 
A b ^ z: ii & #^5: h -r -5 if M5&,^fl*^^;i D N A o 

»#«3 5fH«(^)8 h>>^--^„ 

A b ^ i: 5: #m i: t- -5 ir^ D N A . 

C»#^3 9] lt^]S3 8fH«(Z)?^fl^a;tDNAS:^tJ?^K^il^^^c«?^K^ 
A-^o 

mm^^^. ^M^^^^-t^^yj-^^'Kd^w-M.-^m. 

^ /^SH^'J®Lysl67/168Cys, Cysl68/169Tyr, Glu407/408Asp, Lys91/93Thr 
, Tyrl69/177Lys©Mtl7!3^*^e>^#i$tlfegmT'^S»^«4 1 fH«(Z)r ;i/;!7 U 
:7 ?r ;^ T ^ - if o 
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[if^:S4 4] If #3^4 3fB«©7N>r K^^a^^^^^^-DNAfclfl 
A L 3 a t- <5ff^ J&M^^^X. D N A , 

[ff#«4 5] S*J54 4gB«(^,^I^mx.DNA$:^t/0K^m^^fcli?^K^ 

[|f#^4 6] |»#«4 5fH«<Z)?^M^m^^fcl«K#Af*i$:^«b. T;1/:^ 
V y >f xy T ^ -ii(Dmmm&.^mL. K-dT Jl:^ V y ^ y.y r -$( -iHzmmt 

^t. rjv:i3Vyyr7.yT^~'^m^ti'^mt-t^^M^^-t^. ^yj-^^n^m 

[0 0 0 1] 

|g(G6PDH);S:^^*m/^-r >^U ^y K^^$:Mv^;t#S^3R^:/^ KM^micM-T S 

[0 0 0 2] 
[t^5f5<DS^©] 

^y^:^^m?£^(^^N^i^'-T:^M^^h, hplc^s, m%^mm. mmm^^m^ 
mm^^m^m car, eia^) ^<D^^uv=^ry^m^^iL(D2'D\zi<: 

$ tl T V ^ -5 ^T- n n T ^ T Id: 5: M V ^ ^ 3 ;«)^ b -^^^m^ 
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, ^^$:MV^^EM I (IMMUNOASSAYS R. M. Nakamura et. al Alan R. L 

iss, Inc., New York) -/jmif^tl. HM^ft 5 tVT ^W^^hlt, M^MM 

if (#^^8-507686-^) ^^-i^^^ hi/^-M (FEBS Letters434 (1998) 23-27 
, FEBS Letters438 (1998) 267-271) ^^'J^ ^tlT V^-5„ L*^ L;^*^ ^ itl ^ (D:^ 

^m^§tt$:^$3&v^:^^, &-5v>lW^?S'[4:^)^feofci: LT%M^|g$:W-r^#i 

'y^ry^T.mmmit. mm^m'^mmmizm}Z^-^m^ji:^mx^^tiK E-^^^m 
mm<Dmizi5\i^xmmt)^&^. m-ox. MswM;!)^^v^^^;&3^^^i;nT^^^c 

[0 0 0 3] 
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[0 0 0 4] 

mhtcr K jmmn^^ti%<Dx-&^ (D sh^cd/n-t k^^, (3) ^ 

2 ) S3«®/N-r K^m, ( 4 ) K(Z)T ^ y ^@H^[I*^ig^[f## 2-5 

s (1) mmo^^^^zT^) V \^mm. (5) ^m*^, ^^;i/=i-x-6-u>^m;!K^ 
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^7T^--^T'^s (1) mm(D/\-(^v y \^mm. (6) ^':r^ \^ t'^^m^ 

mx^n^(DUA^jtcRpm^:^mthx. (v) (d ~ (6) (d^m-^izu 
m^tir^mm^^Ajxt^^cR?m^mnm. (s) 5g^c:mcRpm^^s$:^^T'7^^ ( 

^AjXf£^cR?m^m^^y h, (10) Jg^c^^lCRP^5^:^^:$:-^^T'J&^, m^^Qm 

mcD^vh. (11) (1) ~ (6) (Z)^ti*ncfa«^ti:t^m^MVN-5Zl^$: 
#^i:-r^CRP(DM^:&?^, (12) 5S{Cjn:CRPm^$:i|i^-^;t)-&TffiVN^ (1 1 

) mm<Dmm:^m. (is) cRP&-^t?Mf4^, (d ~ (6) ©^ti^^icia^ 

^S^^SM^c^o'v^TI^J|8fctI®CRP»$:^^b^3i:$:#^^■r-5, crp(DM^:)^ 

tr=.:^nmxit-m^^mM^n-^'ev-r:^fjt^xm&-t^t=.!^iz. ^m^-:^^ 
}^ti^mA^nx^mm<Dmmm^^mi^. K^^M^^^}^m^izm^m^m-t 

mtVX. ( 1 4) #^^afi{C/<:/^ F7b^#A^fcligm$tlfcG6PDH, (15 
oTt;, G6PDHM'^4?:'^^$T'^-5>^«T'feS (14) mmo^mm. (1 6) 

^■t^n. G6?mm'\tti^mt-t^^mx&^ (14) mM(Dmm> (17) ift^ 

^tt*'?@B^'JII#6-??^$tl-2>G6PDH®r ^ y^IB^'UcOLeuS 0 5 -Asp 3 1 0^, G 

iu3 6 2mMc^iQ:fy^^mitn^^M(D&nx^^ (14) mm(Dmm> d 
8) ^>^^ F*'^cRP®T^ >'^@H3^ii*^^^iiti^=fe>(DT'&^ (14) mmoymm 

, (19) K*^^^>^5^ KtC^M^I^tC^-a-t- -5^K$:^-r-5>(DT'&-& (1 

4) mmcomm. tf^mmx^^^t.^M.ii!,Lt^^(Dx:^^. jsfc (20) (14 
) ~ (19) izmm^tir=.mm^^Ajx^j^^. mmmizmAt.t^\.imm^nr^^ 
-f^)^^^m-t^i^M<Dm^mnm. (21) (i4)~(i9) tcta^^tiT^c 
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mm^yh. (2 2) (1 4) ^ (1 9) izmm^nfzmm^m^^^zt^mwL 
23) (i4)~(i9) mm^nt^mmt. mmmizmAtr^itmm^tit^^ 
mno^m'^-nm. (24) (i4)~(i9) iciB«$ti7t^m^, ^mmz.n 

, ^m^:f^}^^^m-t^mM(Dm&:^m. (25) (i4)~(i9) izmm 

(26) (i4)~(i9) izmm^nt=.mm^'^/vX'fjt 

h, (2 7) (1 4) ~ (1 9) {Cga«$tl^^^$:Mv>-5i^S:#Mi:'r-5, 

8) (14) - (19) iztm^nt^mmt.. mmmizmAt.rc.itmm'^tit^^ 

* ;t ^ T' ^ ^ V ^ 3 ti(c M^fg 5: t 5: M ffi -5 e*® ^ 
m^mm.-t^r^fsblZ, (29) iB^iJ§-^6T'5t$tl-SG6PDH®r^ ymiH^lICDLeu 
3 0 5 -Asp3 1 0^, Glu3 6 2 ^^D^ C^j^Tb^ ^^IftlSft^CD^glC, 

■r<5>a^^7b^^MT'^Sr h$:Mmb^=fo(Z)T'feSc 5S(C*|§0^ti, (3 0) ( 

2 9) mm(D/\^^u y \^mmm.^^^^^ ^-BN AizmAi^r^:zt^nwit. 
•t^mm^jtm^m^DNA. (sd o o) tim(Dm^m^DNA^^timn 
m^mi^ximmmAi^, 02) (31) mm(Dmnm.mi^xitm^mAi^^m 
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jt:^^, (3 3) SH^JS-^eT'^^tl-SGePDH^T^ 7^®B^a(^Leu3 0 5 -Asp 

3 1 0^. Giu3 6 2mMc^t^ti^^miin^^M(D&miz. mmBmiz.j:i) 

-ryj W^^rii- K-r-Sit^^, (3 4) ( 3 3 ) Sa^®/N-f 

$e,{Cli, (3 5) #^^fi}C, @2^IJ## UC^LfcT^ 
fe^y^ K*'^#A^^li«g|$tl7^/3 -^^^ hi/^Jf-if, (3 6) 
@H3''J##3 0 X^m^n^> /3 -ii=y^ V i/^-MCDYK y ^fS^acDIle280/Asp281 
, Val796/Ser797(D'fprtl;6^A^^^^$tlfegmT'fe'5 (3 5) fHS® /3 - ^b*^ ^ 
VV^-M. (3 7) (3 6) ia«®/N-f W^$!zr- K-rsit^^, ( 

3 8) (3 7) mm(D/\4:fv V )^mmm.^^-k^i^ ^-"D^ A\zmKLfcz.h 

$:#M^-r^tf^^lI^^Mx.DNA. (3 9) ( 3 8 ) ta«(DM^5^^m;l D N A 

^t;?^K«mf2fc^;tti?^M^Afls, (4 o). ( 3 9 ) lH^©?^M«^#^^fe«?^ 
nr=.^-f^]^timA^r^itmm^tit:Lrjvi]Vyyf:^yT^-'\f, (4 2) #^ 

^g*':@e^'J##3 1 -e^$tl-5r;i/*U/fN:J^-7T^--^<Z)T^ y ®E@B^fJ®Lysl67 
/'168Cys, Cysl68/169Tyr, Glu407/408Asp, Lys91/93Thr, Tyrl69/177Lys(5D 
ipSnt>^f)^^mm^Hr:^3^-V$>^ (41) ia«or;i/:^U:7;r;^7T^--^. ( 

4 3) (4 2) |a«®y^-r >^'; KS^$:3- Kt-'Sit^-?, (4 4) (4 3) 

fa«®>'^-r ^y \^mmMB^^^^^ ^-DN AizwALt=.:iii^nmiit^m 
m^j^m^m^DNA. (45) (4 4) fa«©ffl*^gi^DNA?:^t;?^«^gi^ 
*fe«?^s#Af*:, (4 6) (4 5) tm(Dmn^m^t.r^itmnmAi^^mm 
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[0 0 0 5] 

T'M^T'^S^CD^I^W^ b<, mK.lt. G6PDH, /3-?!f^^ hS/^-if, 
S V^ li#;&n $ 4x ^SB^JT' o T ^ J: V>„ 
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Mx-li, :^^^r$>T'fe-5CRP, IgG, IgA, IgM, C3, C4, /S2^^n^^n^U 
feSV^^±. a -■7x hyUT^-f CA19-9. frf5iJii#MmM (PSA) , JSfl^ 
i%'[4^M(CEA)^<Z)#S;!/>V-:^-, ^^VNli, -r>S/^U>, fcihM^tt:! 

:h K hntfXhCG), t;i/>^^>, ;^ h i/ >^ h u ^:;>'>o (slo) , yn^^^ 
HBV), C§i!JfFill'^7-Y;i/:^(HCV), n h^^^^-i^^f (Hiv), ^ATMfiifiijipl 

A#pr|g^, PBR322, PBR325, pUC12, pUClS. pBluescript^® Ali® ^ Jf^^^ 
h\ pSH19, pSm5^(DmM^^^^:^^ K, PUBIIO, pTP5. pC194^CD=te:^ 

t^mmit, S^^^^C^)^^^, MX-liMolecular Cloning(J.Sambrook et.al, 2nd 
Edition, Cold Spring Harbor Laboratory)^{CfH^$ 4xT V^ ^ :&^tCtA£ V^^TX. 
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-^tt, PBR322. pUC12, pUClS, pTrcHis, pTrc99A, pMAL-c2, =fe)L<tt^®AX 

mmmm ^ -^m^fjimwMmx'mtmhxm^ti^'D^ Ay =y ^ y v 

) ^*^> m±mMiS^mn<Dm^\t. KpRS403, pRS404, pRS413, PRS414 

, PYES2^;^)^, m^mMiS^WsmmMO:>m'^\t. y^^^KpRSVneo ATCC37224, p 
SV2dhfr ATCC37145, pdBPV-MMTneo ATCC37224, pSV2neo ATCC37149^7b'^, m 
iM*'^B*mcD#-^li, •t-h^''^y ^ :«j U 5}n;I/-;5j (Autograph ica 

california)^#:^^js:i^-r;i/^(AcNPV), ;K>tf-/ ^ U (Bombyx mori)^ 

Molecular Cloning(J.Sambrook et.al, 2nd Edition, Cold Spring Harbor Labo 
ratory)^lCfH^®^^^{Ct^-oTLeuconostoc mesenteroides®^^^ J; U iSvCi^:^^^ 

mx^mi^. >?f y ADN A$:am-r<£>= i^, w.-rx\%m\z.mm\^t£\m^) . Moie 

cular CloningCJ.Sambrook et.al, 2nd Edition, Cold Spring Harbor Laborato 

ry)^{cfH«$ti^, -mmz^'iion^m^o^^miz'^'Dx^w^^'jo . 

ADN A&I^Mi: R.LevyP,CD3^i^(J. Biological Chemistry, Vol.266, pi 
3028-, 1991){C^$tl^G 6 P DH5t>fe^C3D@H^aJ: G 6 P D Hit-g^CON - 

V-:^±) $:ffiV^T7^<U^^-if7e^;KJ;55:^fV^, G 6 PDHit^^^-g-tfDN A 
l^;^$:#M6^{Citi|ii$i±-5>o f» ^tlfe D N Am>^ $:S^5SJCt^V^/^^ ^ - D N A 
^fi^iitf^ ilT', G 6 PDHSrzi- K-r-SDN A$:-g-tf, ^I^^^x D N A 

^X^J W*iiE« l|3fiR, P219-230, lCiH^(Z)Xdr V 5? ^ l/T 

--e$:MVN;t^3fe^Mm^i^:^iS^Kunkel^, ij^v PCR$:M V^-5:^i5S(Z) 
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^ofjtAHmmmA^. ^DN a-=.y'^'' l i (D. M. GLOVER IS, 

m2m. Pl97~228, Takaratt) jCfS«®3jNX^n^;rn:- hiS, ^^«y^^* 

^^^^^ F$:^fA^-g>V^{itt^(D?^T'3^M■r'5^^55^CoV^T^0>g 

^[|$:=l- Kf -5i^«»J(Z) 5' -{ilCffJPS^m, M;tiiB a mH I fCi: y-^KlT^ 
tl#^g|5^ (B amH I^^) 5:^*0 b 7t:/^-r V- il, r U _hSS^ J: tJ^T 

mH I SP^*^#:(jDL^DNA^;t$:iiiPit-<&c <i>C{C, 2S^(D^>ft$:^^ 
^-±T'3e^-r'SZ:i:lC J: U, B a mH IgI5^7b^#A^tlfeG6PDHil'e^*'5«^ 

^fj M5§§{C#oft«(D D N A if A-t -5 r A^T' # -5 o 

r=.mz. mm^dt^u^r-'^'p^t^mmiz^^i^m^n^K y^-^-fv y^mm^ 
mm^DN Amm<Dmm}i^£^^^ ^-nhxit. pbr322 (j.G.sutc 

liffe.Cold Spring Harbor Symposium, 43, 77, 1979) , pUC18/19 (C. Yanisch-Per 
ron ,et.al,Gene 33,pl02-119, 1985) , pBluescriptI ISK+ (STRATEGENE^t) , pM 
AL-C2 (NEW England Biolabs:^:) , pTrc99A (TVi/^A :7 r ;i/V$/T?±) , P 
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KK223-3 (TVS/^A :7 r Tt±) pET-11 (STRATEGENEtt) ^(D^^7.S. 

K^^^-, a,ENBL3 (STRATEGENEtt) , XDASHII (yi-ni/^) ^(DA^v^V 

=bj:v^o $^ic, r>if i/u ^M'ffiii^^, 7^h^-9--r^ y ^tf-ffijt^e^^^^'cz) 

[0 0 0 6] 

3 (Z) J: c) L T «m L feffi^x. D N A 2: « V ^ T :*c® B ^ 
AL, ?^K©m^^:^liBK#Af^c$:f^igt-So >^J©Mi:LTli. M103. JA221 
, HBlOl, C600, XLl-Blue, M109f£i£ti^mf^tl^c 

Cohen^®:^^^ (Proc. Natl. Acad. Sci .U.S.A. ,69,p2110,1972) ,Hanahan ^ 
(J.Mol.Biol. ,166,p557,1983) fjiiftf'^mif^n^. M^^^^^ A^m 

•t^mM^mi^tr^itmmmA^i)^ ^ mmm^m^ d n a ^m^ iz it, m:^itr 
mi^tt^itmMmAi^^mm-t^:r.inzj:-oxmj^-t^^iii!j^x^^o mm-t^ 

i^i&tl^Xii, Mx.lfLuria-Bertani^:% (Molecular Cloning(J.Sambrook et.a 
1, 2nd Edition, Cold Spring Harbor Laboratory), 2 X Y T^;% (Molecular C 
loning(J. Sambrook et.al, 2nd Edition, Cold Spring Harbor Laboratory), M 
9 ^:^(J. Miller. Exp. Mol. Genet. , Cold Spring Harbor Laboratory, New York,p4 

3i,i972)fjtiff)^mi>f^n, ^%©pHii5~8T'S>-2)Zii:*^M^ Lv^o mmt, m. 

mi4'-4 2°C, ^ L< li2 8 — 3 9rT'3-2 4 ^r^^f e) r il^'lT'^, 
^Cj;£i;Dra^^M^i^^^DAT%J:V^o ig^MtCj;U^ isopropyl- /S-D-I- 

thiogalactopyranoside^(7)|g^il^M^, TVtf y^^U^MKy^L — U — 
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^m^^o ^y }^mmm^Wr}]y^^y. 3mMi^'fbvy:^>>':7A, 150 

mMf^'fb^ b V '^^A^r-g-^-r-SlOOmM Tris/HCl^tr?K(pH7.8) T'fii?; 1 U/mUC#f? 
Lfe=fo®6/tt 1{C, 3mMfg'ft:v^:^>>ii;Ai:150mMi^'fb-^ h U A Sr-^^-T -5 lOOmM 
Tris/HCl^®M(pH7.8 ; J^^T, mmWiMimm-t ^fel±mCRP^^^5T:^$: 
^ffiMAT'100^#5^Lfem<*:?g$:150Ml»L, 37°C T'S^r^M^S^, lOmM ^ 
;i/=I-:;^-6-U >^(G6P), 6mM n35^>T^ KTt^— >i>"5? K(NAD) 
75Atl$:»L, 37'CT'5ra5c^S$-&, ^g;S340nmjCj3 1-^-55:9^ 

[0 0 0 7] 
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©T^tllSJ; V^^'5, Antibodies A Laboratory Manual (Ed Harlow et.al , p76-, 
Cold spring Harbor Laboratory) ^}CfB«CD J: e) (C, WA-^n^^^^Y^ti^U 

mvfihti. $^{cii, ■^<Dt>-^(DQ^5 om<Dmmhr=.r^ jmm^^i^^ti^o) 

, MX-liG 1 n ( 1 ) --A sp (16), Glu (14) —A la (24), L 
eu (22)~Ser (45), Thr (41)~Asn (61), Arg (4 
7)~Ile (63), Lys (114)~Lys (121), Glu (130 
)'-Glu (138), lie (134)~Gly (148), Gin (137 
)~Leu (152), Glu (147)~Leu (152), Asp (3)~ 
Ser (18), Leu (152)~Val (165), Val (165)~G 
ly (178), Leu (121)~Ser (132), Arg (188)~G 

lu (19 7) •fy^hmitti^mmLt=.r ^ jmmmt)'^ts^tL\>K ^x-^m^m^ 

2:Asp (3)'~Ser (18), @2^rj## 3:Leu(152)-'Gly( 
17 8), iB^lJ## 4:Leu (121)-'Ser (132), gg^?!!*-^ 5 : A 
r g (18 8) —G 1 u (197) iZ^^tl^mm-fy^'^Mlttl^. ^^j5;< ^=b6 

gii, ^^^^^ \^<DnAiz^'ox=hmmmm'\ii}^un^n. mx^nt^^^^ 
T'^4xiij:<, mmmmzmiiiLx\^^^m&.. ^mitizmmLm^mm'^^mt 

LXm^f^tl^o :tU VymmtLXCDG 6 PDHjC:J1.5f5/^^^ Y^^WAT^^ 
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32/33 (32#gh33# ^(Dm<DM. J^ATIH^) , 37/38, 48/4 
9, 6 6/6 7, 8 7/8 8, 2 2 6/2 2 7, 2 9 6/2 9 7, 3 0 5 — 3 1 
0, 3 6 2/3 6 3, 4 0 9/4 1 0, C^^SgtCo VnT^J^^ A$:^ 

mmz^ijmm^^ti'^mm-t^cRpm^izmf^^^mmt. 3 05/30 6, 3 

06/307, 308/309, 309/310, 3 6 2 / 3 6 3 St>*C5f5!^-e 
[0 0 0 8] 

[^1] 









Lys32/Lys33 






GIn37/Lys38 






G!n48/Ala49 


+ 




Phe56/Tht67 


+ 




Val87/Thr88 






Gtv226/Tyr227 






Ala296/A8p297 






Leu305/AsD306 


+ 


+ 


Asp306/Val307 


+ 


+ 


Pro308/Ara309 


+ 


+ 


AIa309/Asp310 


+ 


+ 


Gtu329/Gty310 






GIu362/Qln363 


+ 


+ 


Lvs409/Lys410 






c-m 


+ 


+ 
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[0 0 0 9] 

•t^mnt^m^^M. A-f y ]^mmizmA$>^^^i,tmm^nr^m^^^ k 
tm^^^ ]^%:^m-t^mM(Dm^^^m^mt^mn^<z>^^iz^ A>f 

n-t^mnhmm^^±^y^'rv':r (3) ;S^SM-^#fftiic#^-t-5^^^% 

t?c XT^^y^ (2) (i, M/?5ii-a-^$:^^*^cli^S&^^®i;LT7t)^^^}g-r€>^ 
(1) ^C^v^T, mM-^lgSrW-r^^K^r-^ti'^Mil, A-r:/U >y 

(C J; o T ;t -5) C R P ® ^ 7t li» $r r^g^fi^F {C ^ m "T -5 T ^y -fe -r ^? e) 
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T^f Ali J:V^„ 

f sfc^?)^cMv^p3n■5G6PDHi: uTii, m^m^ 6izBvr=.r ^ jmrn^^L 

f t.r^. ^Jf^'^y^ K7b^# A 'Settle ^v^Tii_h|aT' 

^ h i/^-if ^rMV^-S^-^li, FEBS Letters434(1998)23-27. FEES Letters 438 
(1998)267-271(Z)tH«(cmir^T, T;i/;<J U 7 T ^ -if V^^#-^^C^iProc. 
Nat 1 . Acad. Sc i . USA92 (1995) fCfH«® IC D T LX^^^^o 

mm&i}iz^m-t^ry'\E^^n^ziitf^x^^. zn^rv±>fi>t. jit-m 

^feCRP^v^^imcRPm#:®M^^f^^cml:iT^fx.^^<i:v^o MJC, A-r:/U 



2 0 



ajSElf 2001-3038775 



#2000—174604 



[0 0 10] 

mmm i 

Leuconostoc mesenteroides?: LACTOBACILLI MRS BROTH (DIFCO^i) 5m 

ooorpmvio^mmjMm-t^ztizj:i)MmLxmi^^mt^. imM x.^uyt/ 

ris/HCl) (Jt^T, TEh^B&t-^o ) M^MtcML, mmm^OOu/rnKDr ^ 

/ig/mlcDProteinaseK^^iPLT, $^IC37°C, 2^ra#g LT^M ?:^?o M 
olecular Cloning(J.Sambrook et.al, 2nd Edition, Cold Spring Harbor La 

horatory)^lzmm<D^miZV^^X. G6PDH (J^^^T, G6PDHi:#iSt-'&= ) 
(D^^^tLX. Leuconostoc mesenteroides®'5f ^ ADNA5:fl&ai b fco ^J3, 
T'eii#lCfH^L^VNPSU> Molecular Cloning(J.Sambrook et.al, 2nd Editio 
n, Cold Spring Harbor Laboratory) ^{CfH^ ^ tlfe. —B.&^lZlft>n^M^ 

>f / ADNAS:10ng, R.Levy ^ ®jiCi^(J. Biological Chemistry, Vol.266, pl30 

28-, i99i)iz^^tir=.G6pmmm^<D}i-Rm-^^mm^^ti. ^^m^m^^i 

, 8{C|H«®5f U :3'3? ^ L/;t^ K:/^>f"7-$:^0.1 nmol;(jEI;t, DNAif- v;i/i?--f 
(A~^y ' JUlz-r-H-t) ^m^\ 94°CT'30?!l-\ 65X:"t?30#, 72°CT4:$> 
(D^^^ i7 ;i^25mm^J7&LXS.lZs^n^r=.o -e^Ssg*, G6PDHil>e^$:-g-t;Ji(tl.5 
kbp(Z)DNAm;i*^#M65{Cfii|»i$tlfe= ^i^tlfeDNA^T^T-Sr^n-^^^/^^ ^- 
pBluescriptl I KS+ (Stratagene^t) (Z)EcoR VS'Sj^^jIM LT, KpBS 

^^CV^^, ^n-::i>^/<^^-pUC18§: EcoRI hSalI^}'g>fb L;^:^. ^Ot^s^ 
^r^m-fbLfctjCDlC^PjtlfcDN Am;t$:3*^U, G 6 P D Hil^^(0|§^*W 
KT'pUCG$:«^Ufeo $e>{C, Kunkeli5S{CtJev\ @B^!J##9{C^b 
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7t:t U L/:t^ K^^-rv- i:Mutan-K (SSit^t) $:^fflLT, GePDHit-g 

mi.5iihp(DG6Pmm.^^^m5Ul^. ZfyT.S, KpUCG$:MPS^^Nco I&t>'Pst IT' 
M'fbLf-;i!!l2. 7kbpcDDNAf^>^-i:3®MbT, :^ ^ KpUCMG?:^^ L 
[0 0 1 1 ] 

limM 2 

G6PDH®Pro308/Ala309K{Ct hCRP^jj^/^:/^ K L =i - K^T 

IISgMl(Z)>^^::^^ KpUCMG$:^Mi: L, @B^im#7&t>\ Pro308_h§K(Z)T>^ 
^>XM^(J<D5' -MtCfrjRS^^BamH I^.iiiB^a L feiB^[|#-^10{CfB«® 

;r U =f5?^^ l/^^ K■:?^^-rv-$:fflV^TPCRS:^TV^, TMfiJllcMPS^^BamH I 
^liS23?fJ*^#*D^ tl^G6PDH5t>e^N^5iA^ ^Pro308t -t? ^^ti^O .QVhi^CDmm 
>t$:#fco I1I^{C. Ala309T^^®-fe>X^@B^rj(Z)5* -{MtC^PI^^BamH 

n^^iM\^t=.mmm^u\zmmM^) ziy,^ K^^-rv-i:, G6PDHii>fK 

^-rv-$:MV^T, ±M^{C0JPS^^BamH I^,^IH^fJ;{)^#*D$ tlfe, GSPDHil 
'e^CDAla309*^pJC7^$gg$:-^t^^0.6kbp®DNAE^;^•$:#^„ N5^i^{iE^;t ^^JPS^ 

^BamH i^Nco I, c^mmmfi^. tiPs^^BamH ii:pst i-v^n^nmiti^t^ 

^, y^^^ KpUCMGSrfllPS^^NcoI tPstlB^vm^tLXm^n^m2.7khp 
0dlim)n t m'^-t ^ZHV. GePDHa-feT-C^ProSOS/A la309r^ (Z) <?*0JPI^^Bam 
Eim^^i^m-t^m^n^i^ pUCMG308B$:«^bfe„ rtl$:f(IP»^BamH I -e 

ii^mmx&^^m^^ iy^t^ K(@2^fI##l3hi2^rj##l4i:cZ)M'a-&) Sr^MLp 
UCMG308C1$:, @H^rj## 3 {Cta^(DT ^ ^ ^iH^'J(Z)-SP =i - K^T SDNA$:-^^5^iE. 

^ l^:^^ KT'^S@H^J##l5^ig^iJ#-^16i:®ia^ii:X 
t±i33'fJS-^21 i: @H^'J##22 H (DM^-^ ^ M"^ L pUCMG308C2&t>*pUCMG308C13 5: , 
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^^^^ ^ K(ra##17i:SB^(I##18i:(D|I-^i±) $:3gMbpUCMG308C3 

X/:^^ K(I2^'J§#19i:iB^'J##20i:®i|M-^i±) LpUCMG308C 

5* -gatccgacatgtcgaggaaggcttttgtgtttcccaaagagtcggatacttccg -3' iE?'J#^13 
3*- gctgtacagctccttccgaaaacacaaagggtttctcagcctatgaaggcctag-5' 

5' -gatccgtgctgtcaccagatgagattaacaccatctatcttggcgggg -3' IB^JS^IS 
3'- gcacgacagtggtctactctaattgtggtagatagaaccgccccctag-5' la^ij^^ie 



5' -gatccctgaagaagggatacactgtgggggcagaagcaagcg -3' 
3* - ggacttcttccctatgtgacacccccgtcttcgttcgcctag-5' 



iE?iJS-^17 



5' -gatcccgggcactgaagtatgaagtgcaaggcgaag -3' 
3' - ggcccgtgacttcatacttcacgttccgcttcctag-5' 



iB?^J»-^20 



5'-gatcctagtgggagacattggaaatgtgaacatgtgggactttgtgg-3' 
3' - gatcaccctctgtaacctttacacttgtacaccctgaaacaccctag-5' 



[0 0 12] 

3 

il&-^^^G308Cl, G308C2. G308C3, G308C5:g.t>*G308C13<Z)|gia^tJfftiai 

ll]6feM2<^?ia^^;tDNA PUCMG308C1, pUCMG308C3, pUCMG308C5, pUGMG308C 
2S.t>*pUCMG308C13 $::^J©aXLl-BluelC?^KKSI b ;to Levye> (Protein Scienc 
e, 1,329-, 1992) (7):^'^lCtJeo T, J^H^gl L $:37°C 16^r^LB^% (DIF 

L/, 37°C5^raiii:e)^#^, IPTG (Isopropyl-)8-D-thiogalactopyranoside) 

^m^mo.Mxw^mx^xm^^mmx^. srcimmmm\^r~^. 4*c, eooorpm 
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V10^mmjij^^m'r^Zt.lZj^i)mi^^mt=.. ^in^ 8% sucrose, 0.1% Triton 
-X, 50mM EDTA^r-g-^e-t-SlOmM Tr is/HClMffi?lS{CM=^, mmm33mg/ml(DVV 
^-A$:^MLT, 37°C, SO^mmULt:^^. ISOOOrpm, 20^m(Dmj(>mi^X% 
^^#;$:5iUI^V^T®fe-^^^G308Cl, G308C2, G308C3, G308C5j3Lt>'G308C13?£ 

5:-?-ti^ti#^o ^fe, MmtLX. ^^^^ KpUCMG{cov^T%»|qI^(c;ff 
[0013] 

i|ft-^^^G308Cl, G308C2, G308C3, G308C5^t>*G308C13(D^^?S'ffi{CM~r -S^CRP 

r;i/^^>, 3mMJ^fbV^:^i/':7A, ISOmMjfifb-:^ h y '^ASr-^^f-SlOOmM Tri 
smmWWl. (PH7 . 8) V^OOm^^ L ^ (Z)6 /t UC, 3mMi^-f[: V ^ :^ ^> '^7 A i: 150mM 
mti-hV rPJ^^^m-t^lOOm Tris/HC1M«M(PH7.8 ; J2^T> Mffi?KAh#llfS 
f S t limCRP-Y §:^«MAT' 100^#f^ L femi*:?^ 150 a 1» 
37rT'5^^raS/;5i^, lOmM ->?.-6-U >^(G6P), 6inM -=I^>T^KT 

|g;R340nin{Cj3ttS5:$>ra<Z)lS^;g^'f[:$:G6PDHvf'[4^ bT^«?)7t. mCR?m 

.^(D^:^, ^^§i[G6PDH«, mcRpmi$^(Dim^mt^^miixmmz.mif^%^ 

tl^V^(Z){CML, i&-^^^G308Cl. G308C2, G308C3, G308C5;at>*G308C13-e ti, 
, G6PDH(D Pro308/Ala309ra{C@H^rJS#2, 3, 4, 5tCfH«®CRPA° 7° f K ^VNli^ 
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m2] 









101% 


m^mm 




G308C1 


86% 


G308C2 


29% 


G308C3 


36% 


G308C5 


88% 


GSOSCB 


39% 



jS14J±= fci(»?^^g#CpG6PDH5^f» X 100 

(%) *a<*l^??i£B#(OG6PDHjSi4 

m^pm^&^^m^M^mmGsoscv^^cDmm^m^f^o mcRp^ j ^u--r 
mmmk 50 ^nz. mmmx'33oojB^m. l r=.m^mmG308cm ^ 100 m. imu u 

, Sy-CTS^e-WyS^S^, lOmM G6P, 6m^^ Md^^m-t^mmmk 75fil^mML 

#v^^i^M'f4*'^^ii«It-<2>^g|^A^M^>tl^o -Tj^*)-^, gbpdhc^ Prosos/Aiasoar^ 

[0014] 

^bfe. (0. 10, 20, 40 mg/dl) (DCRP^?g6 yti UC, ^®?KAT'3300^ 

#J^L7^®&-a-^mG308Cm5:100/i 1^;&DL, 37°C -eS^j-r^^K^E;^, ^ffi?gAT'1000 
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lOmM G6P, 6mM NAD^r-^^tf-SMW^^A Ibfil^^MLX. 37°CV5^ 
f^t^t), G6PDH® Pro308/Ala309rajC@B3'(I#-^2{C|a^<DCRPA°7°fK AL/ 
gft-^^^G308C2. G308C3, G308C5S:M V^^CRP(D^iI^ 

mmme iim^o):^miz^i). cRP(Dm^^m^r=.. iii'^^^G308C2 

, G308C3, G308C5?g(Z)#J^li#^5000^, 15000^, 2000#, SlCRP-V 
ii*D^C#V^^S'K5b'JIma-r'5^H<^;b^M^tlfe= -r^^tDt), G6PDH(Z)Pro308/Ala309ra 

[0 0 15] 

G6PDH(Z)Asp306/Val307r^lC, CRPffi5f$/>;y^ K $:3tM b & 3 - K-T-S 

ffi^m^DNA®^^ 

IIJgM2i:|^^(Z)j^f^tC J; V, @B3?'J#-^7i:23, 8ii24lC^ U =r5? ^ l/;:*-^ 

K>'■v-YV-®,^I^-^:bi^?:MV^T, G6PDHitfe^<Z)Asp306/Val307r^jC(^)*^fll|5S 
P^BamHISH^rjSr^tt-SJiil^mx.^: pUCMG306B§:«^^ L, iH^[I## 13 ICfB^C^ 
'^m:tV:=[^^ UTt^y^^mmLX. M^m^mk pUCMG306Cl L T^c 

iH-a-^^GSOeCl M V N r=.CRP(Dm& 

ci:e){c, cRpmm(DmMizm^'^^M'^-t^mmti^M.^tir^. ■t^j^t>^, ggpdh 

(DAsp306/Val307r^{C@B^rj#-^2lCfa«®CRPA°7°fF $:#A b fci&-^^^§:M VnT 

, cRPf)m^x^^ziLti^^-^nr=.o 
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[0 0 16] 

mmmio 

G6PDH®Ala309/Asp310ra{CCRPa3f5^y^ K L feift-^^^ n - K-t-SJffi 

mmB^mKimm^^-t^m^i^^^ pucMG3ogB^#^L/, m^^m^mzmmo^ 

-gf-^;^'; l/:^^^ KSr^^UT, M*^^;tDNA pUCMG309ClS:^^Lfco 

^mmn 

ife-a-^^GSOGCl M V ^ fcCRP® 

tc^oK. cRpmm(Dmtaizm^'i^^^timm.^^mMt)m^tir=.o t^jtt>^. g6p 

DH®Ala309/Asp310r^{C@B^tJ##2{Cfa«CDCRPA° 7° fV $:if A b ^^gft-^^^^M V> 
[0 0 17] 

G6PDH®C5^j^{CCRPfi5(5^>^^ K SrJ®^ U ^Ifc-^^^ 5: =1 - Ki-SM^^^SI;tDNA 

KMnke\mizm^\ y^X^ KpBSMG, @H^[l#^27lC5t L it^T U ^[5? ^ l/:^^^ 
K>^v-f V-;S:t>\ Mutan-K (SrSig^fc) ^mmi^X. G6?DmBi^(DC-Mmzm 
PSP^BainHIiH3?fJ$:#*DLfey^^^ KpBSMGCB$:^#;to ?!?CVnT% MMmU 2t 

mm<Dmmz^i). c-^miz(D^mmMBamnim^^i^^^^m^mK.i!^ pucm 

X.DNA pUCMGCCl$:^^L/fco 
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m3] 









101% 


m^mm 

GCCl 


95% 



/T5i4Jt= feii»?^^^(7)G6PDHat» X 100 

[0 0 18] 

G6PDH(DGlu362/Gln363W{CCRPa5f5^y^ K L ^cift-^^l^ 5: zr - K-^-SM 

F^^-r V-(7)M^-^t)-&$:fflV^T, G6PDHil^^(Z)Glu362/Gln363r^{C(Di5*f(IPg 
^^BamHI iH^[I$:;ti-S7ffl^^i^;t#: PUCMG362B S: L , iH^(JI|-^13lCfH«g® 
U KSrJ^MLT, i^fl*^g|x.DNA pUCMG362Cr$:^^ b :to 

i&'^^^G362Cl M V ^ it iJiCRPm^:® 

IIM3i:|lf;m®^#lCj; U, ®&^SmG362Cm$:^$^b, 7^VaT% |IMM5i: 
|HI#(^:^^{CJ; UmCR Pfii^*: COMIC i:-5g&'a-^mG362Cl?S'|4®^i&$:M^fc„ 

^(Z)^^, msiz^LT^^^iz. mcR?iffc^A(Dmmizmmmm^ti^m\i-t ^ 
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3^l^*^M^tl^c -t^AiO^. G6PDH®Glu362/Gln363r^fCiH^rj§#2{Cfa^(3DCRPA° 
[0 0 19] 

[0 0 2 0] 
[SH^rJlg] 

SEQUENCE LISTING 



<110> WAKO PURE CHEMICAL INDUSTRIES, LTD. 

<120> Hybrid Enzymes and Use Thereof 

<130> WJ017 

<140> 
<141> 

<160> 31 

<170> Patentin Ver. 2.1 
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<210> 1 
<211> 206 
<212> PRT 
<213> Human 

<400> 1 

Gin Thr Asp Met Ser Arg Lys Ala Phe Val Phe Pro Lys Glu Ser Asp 
15 10 15 

Thr Ser Tyr Val Ser Leu Lys Ala Pro Leu Thr Lys Pro Leu Lys Ala 

20 25 30 

Phe Thr Val Cys Leu His Phe Tyr Thr Glu Leu Ser Ser Thr Arg Gly 

35 40 45 

Tyr Ser lie Phe Ser Tyr Ala Thr Lys Arg Gin Asp Asn Glu He Leu 

50 55 60 

lie Phe Trp Ser Lys Asp He Gly Tyr Ser Phe Thr Val Gly Gly Ser 
65 70 75 80 

Glu He Leu Phe Glu Val Pro Glu Val Thr Val Ala Pro Val His He 

85 90 95 

Cys Thr Ser Trp Glu Ser Ala Ser Gly He Val Glu Phe Trp Val Asp 
100 105 110 

Gly Lys Pro Arg Val Arg Lys Ser Leu Lys Lys Gly Tyr Thr Val Gly 

3 0 ffisiE^ 2001-3038775 
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115 120 125 

Ala Glu Ala Ser lie He Leu Gly Gin Glu Gin Asp Ser Phe Gly Gly 

130 135 140 

Asn Phe Glu Gly Ser Gin Ser Leu Val Gly Asp He Gly Asn Val Asn 

145 150 155 160 

Met Trp Asp Phe Val Leu Ser Pro Asp Glu He Asn Thr He Tyr Leu 

165 170 175 

Gly Gly Pro phe Ser Pro Asn Val Leu Asn Trp Arg Ala Leu Lys Tyr 
180 185 190 

Glu Val Gin Gly Glu Val Phe Thr Lys Pro Gin Leu Trp Pro 
195 200 205 

<210> 2 
<211> 16 
<212> PRT 
<213> Human 

<400> 2 

Asp Met Ser Arg Lys Ala Phe Val Phe Pro Lys Glu Ser Asp Thr Ser 
15 10 15 

<210> 3 

3 1 2001-3038775 



#2000—174604 



<211> 27 
<212> PRT 
<213> Human 

<400> 3 

Leu Val Gly Asp He Gly Asn Val Asn Met Trp Asp Phe Val Leu Ser 

15 10 15 

Pro Asp Glu He Asn Thr He Tyr Leu Gly Gly 

20 25 

<210> 4 
<211> 12 
<212> PRT 
<213> Human 

<400> 4 

Leu Lys Lys Gly Tyr Thr Val Gly Ala Glu Ala Ser 

1 5 10 

<210> 5 
<211> 10 
<212> PRT 
<213> Human 

<400> 5 

Arg Ala Leu Lys Tyr Glu Val Gin Gly Glu 

3 2 2001-3038775 
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1 5 10 



<210> 6 
<211> 486 
<212> PRT 

<213> Leuconostoc mesenteroides 
<400> 6 

Met Val Ser Glu He Lys Thr Leu Val Thr Phe Phe Gly Gly Thr Gly 
15 10 15 

Asp Leu Ala Lys Arg Lys Leu Tyr Pro Ser Val Phe Asn Leu Tyr Lys 

20 25 30 

Lys Gly Tyr Leu Gin Lys His Phe Ala He Val Gly Thr Ala Arg Gin 

35 40 45 

Ala Leu Asn Asp Asp Glu Phe Lys Gin Leu Val Arg Asp Ser He Lys 
50 55 60 

Asp Phe Thr Asp Asp Gin Ala Gin Ala Glu Ala Phe He Glu His Phe 
65 70 75 80 

Ser Tyr Arg Ala His Asp Val Thr Asp Ala Ala Ser Tyr Ala Val Leu 
85 90 95 

Lys Glu Ala He Glu Glu Ala Ala Asp Lys Phe Asp He Asp Gly Asn 
100 105 110 

3 3 aiSE4t 2001-3038775 
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Arg lie Phe Tyr Met Ser Val Ala Pro Arg Phe Phe Gly Thr He Ala 

115 120 125 

Lys Tyr Leu Lys Ser Glu Gly Leu Leu Ala Asp Thr Gly Tyr Asn Arg 

130 135 140 

Leu Met He Glu Lys Pro Phe Gly Thr Ser Tyr Asp Thr Ala Ala Glu 

145 150 155 160 

Leu Gin Asn Asp Leu Glu Asn Ala Phe Asp Asp Asn Gin Leu Phe Arg 

165 170 175 

He Asp His Tyr Leu Gly Lys Glu Met Val Gin Asn He Ala Ala Leu 

180 185 190 

Arg Phe Gly Asn Pro He Phe Asp Ala Ala Trp Asn Lys Asp Tyr He 

195 200 205 

Lys Asn Val Gin Val Thr Leu Ser Glu Val Leu Gly Val Glu Glu Arg 
210 215 220 

Ala Gly Tyr Tyr Asp Thr Ala Gly Ala Leu Leu Asp Met He Gin Asn 

225 230 235 240 

His Thr Met Gin He Val Gly Trp Leu Ala Met Glu Lys Pro Glu Ser 

245 250 255 

Phe Thr Asp Lys Asp He Arg Ala Ala Lys Asn Ala Ala Phe Asn Ala 
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260 265 270 

Leu Lys He Tyr Asp Glu Ala Glu Val Asn Lys Tyr Phe Val Arg Ala 

275 280 285 

Gin Tyr Gly Ala Gly Asp Ser Ala Asp Phe Lys Pro Tyr Leu Glu Glu 

290 295 300 

Leu Asp Val Pro Ala Asp Ser Lys Asn Asn Thr Phe He Ala Gly Glu 

305 310 315 320 

Leu Gin Phe Asp Leu Pro Arg Trp Glu Gly Val Pro Phe Tyr Val Arg 

325 330 335 

Ser Gly Lys Arg Leu Ala Ala Lys Gin Thr Arg Val Asp He Val Phe 
340 345 350 

Lys Ala Gly Thr Phe Asn Phe Gly Ser Glu Gin Glu Ala Gin Glu Ala 

355 360 365 

Val Leu Ser He He He Asp Pro Lys Gly Ala He Glu Leu Lys Leu 

370 375 380 

Asn Ala Lys Ser Val. Glu Asp Ala Phe Asn Thr Arg Thr He Asp Leu 
385 390 395 400 

Gly Trp Thr Val Ser Asp Glu Asp Lys Lys Asn Thr Pro Glu Pro Tyr 

405 410 415 
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Glu Arg Met He His Asp Thr Met Asn Gly Asp Gly Ser Asn Phe Ala 

420 425 430 

Asp Trp Asn Gly Val Ser He Ala Trp Lys Phe Val Asp Ala He Ser 

435 440 445 

Ala Val Tyr Thr Ala Asp Lys Ala Pro Leu Glu Thr Tyr Lys Ser Gly 

450 455 460 

Ser Met Gly Pro Glu Ala Ser Asp Lys Leu Leu Ala Ala Asn Gly Asp 

465 470 475 480 

Ala Trp Val Phe Lys Gly 

485 



<210> 7 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<400> 7 

ataaggggta caccatggtt tcagaaatca 



Sequence: Oligonucleotide primer 



agacgttag 39 



<210> 8 
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<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 8 

ttcccgggct ttaattaacc tttaaacacc 30 

<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 9 

tggttggtta gctatggaaa aaccagaatc 30 

<210> 10 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 10 

taggatccag gtacgtctaa ttcttcaagg tatg 34 

<210> 11 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 11 

atggatccgc tgattctaaa aacaatacct tc 32 

<210> 12 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 12 

aagcttgcat gcctgcaggt tcccg 25 
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<210> 13 
<211> 54 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotides consisting of 
the DNA coding for amino acids of Sequence 2, and a partial restriction 
site of BamHI consisting of 5' end of "gatcc" and 3' end of "g". 

<400> 13 

gatccgacat gtcgaggaag gcttttgtgt ttcccaaaga gtcggatact tccg 54 

<210> 14 
<211> 54 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Complemental DNA of Sequence 1 
3 

<400> 14 

gatccggaag tatccgactc tttgggaaac acaaaagcct tcctcgacat gtcg 54 
<210> 15 
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<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide consisting of 
the DNA coding for partial amino acids of Sequence 3, and a partial rest 
riction site of BamHI consisting of 5' end of "gatcc" and 3' end of "g". 

<400> 15 

gatccgtgct gtcaccagat gagattaaca ccatctatct tggcgggg 48 

<210> 16 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Complemental DNA of Sequence 1 

5 

<400> 16 

gatcccccgc caagatagat ggtgttaatc tcatctggtg acagcacg 48 

<210> 17 
<211> 42 
<212> DNA 



4 0 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide consisting of 
the DNA coding for amino acids of Sequence 4, and a partial restriction 
site of BamHI consisting of 5' end of "gatcc" and 3' end of "g". 

<400> 17 

gatccctgaa gaagggatac actgtggggg cagaagcaag eg 42 

<210> 18 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Complement a 1 DNA of Sequence 1 
7 

<400> 18 

gatccgcttg cttctgcccc cacagtgtat cccttcttca gg 42 

<210> 19 
<211> 36 
<212> DNA 

<213> Artificial Sequence 

4 1 ffiSE4t 2001-3038775 
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<220> 

<223> Description of Artificial Sequence: Oligonucleotide consisting of 
the DNA coding for amino acids of Sequence 5, and a partial restriction 
site of BamHI consisting of 5* end of "gatcc" and 3' end of "g". 

<400> 19 

gatcccgggc actgaagtat gaagtgcaag gcgaag 36 

<210> 20 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Complemental DNA of Sequence 1 
9 

<400> 20 

gatccttcgc cttgcacttc atacttcagt gcccgg 36 

<210> 21 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide consisting of 
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the DNA coding for partial amino acids of Sequence 3, and a partial rest 
riction site of BamHI consisting of 5' end of "gatcc" and 3' end of "g". 

<400> 21 

gatcctagtg ggagacattg gaaatgtgaa catgtgggac tttgtgg 47 

<210> 22 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Complemental DNA of Sequence 2 
1 

<400> 22 

gatcccacaa agtcccacat gttcacattt ccaatgtctc ccactag 47 

<210> 23 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
<400> 23 



ffi|iE# 2001-3038775 



#2000—174604 



taggatccgt ctaattcttc aaggtatggc ttg 33 

<210> 24 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
<400> 24 

aaggatccgt acctgctgat tctaaaaaca atac 34 



<210> 25 
<211> 32 
<212> DNA 

<213> Artificial Sequence 

<220> 

<400> 25 

ttggatccag caggtacgtc taattcttca ag 32 



<210> 26 
<211> 33 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
<400> 26 

taggatccga ttctaaaaac aataccttca teg 33 

<210> 27 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
<400> 27 

gggtgtttaa aggtggatcc taattaaagc ccgg 34 

<210> 28 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
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<400> 28 

taggatcctt ctgaaccaaa gttaaacgtg cc 32 

<210> 29 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
<400> 29 

atggatccca agaagcacaa gaagctgtct tg 32 

<210> 30 
<211> 1024 
<212> PRT 

<213> Escherichia coli 
<400> 30 

Met Thr Met He Thr Asp Ser Leu Ala Val Val Leu Gin Arg Arg Asp 
1 5 10 15 . 

Trp Glu Asn Pro Gly Val Thr Gin Leu Asn Arg Leu Ala Ala His Pro 

20 25 30 

Pro Phe Ala Ser Trp Arg Asn Ser Glu Glu Ala Arg Thr Asp Arg Pro 

4 6 W,U<f^ 2001-3038775 



#2000—174604 
35 40 45 

Ser Gin Gin Leu Arg Ser Leu Asn Gly Glu Trp Arg Phe Ala Trp Phe 

50 55 60 

Pro Ala Pro Glu Ala Val Pro Glu Ser Trp Leu Glu Cys Asp Leu Pro 

65 70 75 80 

Glu Ala Asp Thr Val Val Val Pro Ser Asn Trp Gin Met His Gly Tyr 

85 90 95 

Asp Ala Pro He Tyr Thr Asn Val Thr Tyr Pro He Thr Val Asn Pro 
100 105 110 

Pro Phe Val Pro Thr Glu Asn Pro Thr Gly Cys Tyr Ser Leu Thr Phe 

115 120 125 

Asn Val Asp Glu Ser Trp Leu Gin Glu Gly Gin Thr Arg He He Phe 

130 135 140 

Asp Gly Val Asn Ser Ala Phe His Leu Trp Cys Asn Gly Arg Trp Val 

145 150 155 160 

Gly Tyr Gly Gin Asp Ser Arg Leu Pro Ser Glu Phe Asp Leu Ser Ala 
165 170 175 

Phe Leu Arg Ala Gly Glu Asn Arg Leu Ala Val Met Val Leu Arg Trp 

180 185 190 
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Ser Asp Gly Ser Tyr Leu Glu Asp Gin Asp Met Trp Arg Met Ser Gly 

195 200 205 

He Phe Arg Asp Val Ser Leu Leu His Lys Pro Thr Thr Gin He Ser 

210 215 220 

Asp Phe His Val Ala Thr Arg Phe Asn Asp Asp Phe Ser Arg Ala Val 

225 230 235 240 

Leu Glu Ala Glu Val Gin Met Cys Gly Glu Leu Arg Asp Tyr Leu Arg 

245 250 255 

Val Thr Val Ser Leu Trp Gin Gly Glu Thr Gin Val Ala Ser Gly Thr 

260 265 270 

Ala Pro Phe Gly Gly Glu He He Asp Glu Arg Gly Gly Tyr Ala Asp 
275 280 285 

Arg Val Thr Leu Arg Leu Asn Val Glu Asn Pro Lys Leu Trp Ser Ala 

290 295 300 

Glu He Pro Asn Leu Tyr Arg Ala Val Val Glu Leu His Thr Ala Asp 

305 310 315 320 

Gly Thr Leu He Glu Ala Glu Ala Cys Asp Val Gly Phe Arg Glu Val 

325 330 335 

Arg He Glu Asn Gly Leu Leu Leu Leu Asn Gly Lys Pro Leu Leu He 
340 345 350 
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Arg Gly Val Asn Arg His Glu His His Pro Leu His Gly Gin Val Met 

355 360 365 

Asp Glu Gin Thr Met Val Gin Asp He Leu Leu Met Lys Gin Asn Asn 

370 375 380 

Phe Asn Ala Val Arg Cys Ser His Tyr Pro Asn His Pro Leu Trp Tyr 
385 390 395 400 

Thr Leu Cys Asp Arg Tyr Gly Leu Tyr Val Val Asp Glu Ala Asn He 

405 410 415 

Glu Thr His Gly Met Val Pro Met Asn Arg Leu Thr Asp Asp Pro Arg 

420 425 430 

Trp Leu Pro Ala Met Ser Glu Arg Val Thr Arg Met Val Gin Arg Asp 

435 440 445 

Arg Asn His Pro Ser Val He He Trp Ser Leu Gly Asn Glu Ser Gly 
450 455 460 

His Gly Ala Asn His Asp Ala Leu Tyr Arg Trp He Lys Ser Val Asp 
465 470 475 480 

Pro Ser Arg Pro Val Gin Tyr Glu Gly Gly Gly Ala Asp Thr Thr Ala 
485 490 495 

Thr Asp He He Cys Pro Met Tyr Ala Arg Val Asp Glu Asp Gin Pro 
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500 505 510 

Phe Pro Ala Val Pro Lys Trp Ser He Lys Lys Trp Leu Ser Leu Pro 

515 520 525 

Gly Glu Thr Arg Pro Leu He Leu Cys Glu Tyr Ala His Ala Met Gly 

530 535 540 

Asn Ser Leu Gly Gly Phe Ala Lys Tyr Trp Gin Ala Phe Arg Gin Tyr 

545 550 555 560 

Pro Arg Leu Gin Gly Gly Phe Val Trp Asp Trp Val Asp Gin Ser Leu 

565 570 575 

He Lys Tyr Asp Glu Asn Gly Asn Pro Trp Ser Ala Tyr Gly Gly Asp 

580 585 590 

Phe Gly Asp Thr Pro Asn Asp Arg Gin Phe Cys Met Asn Gly Leu Val 

595 600 605 

Phe Ala Asp Arg Thr Pro His Pro Ala Leu Thr Glu Ala Lys His Gin 

610 615 620 

Gin Gin Phe Phe Gin Phe Arg Leu Ser Gly Gin Thr He Glu Val Thr 

625 630 635 640 

Ser Glu Tyr Leu Phe Arg His Ser Asp Asn Glu Leu Leu His Trp Met 

645 650 655 
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Val Ala Leu Asp Gly Lys Pro Leu Ala Ser Gly Glu Val Pro Leu Asp 
660 665 670 

Val Ala Pro Gin Gly Lys Gin Leu He Glu Leu Pro Glu Leu Pro Gin 

675 680 685 

Pro Glu Ser Ala Gly Gin Leu Trp Leu Thr Val Arg Val Val Gin Pro 
690 695 700 

Asn Ala Thr Ala Trp Ser Glu Ala Gly His He Ser Ala Trp Gin Gin 

705 710 715 720 

Trp Arg Leu Ala Glu Asn Leu Ser Val Thr Leu Pro Ala Ala Ser His 

725 730 735 

Ala He Pro His Leu Thr Thr Ser Glu Met Asp Phe Cys He Glu Leu 

740 745 750 

Gly Asn Lys Arg Trp Gin Phe Asn Arg Gin Ser Gly Phe Leu Ser Gin 

755 760 765 

Met Trp He Gly Asp Lys Lys Gin Leu Leu Thr Pro Leu Arg Asp Gin 
770 775 780 

Phe Thr Arg Ala Pro Leu Asp Asn Asp He Gly Val Ser Glu Ala Thr 

785 790 795 800 

Arg He Asp Pro Asn Ala Trp Val Glu Arg Trp Lys Ala Ala Gly His 
805 810 815 
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Tyr Gin Ala Glu Ala Ala Leu Leu Gin Cys Thr Ala Asp Thr Leu Ala 

820 825 830 

Asp Ala Val Leu He Thr Thr Ala His Ala Trp Gin His Gin Gly Lys 
835 840 845 

Thr Leu Phe He Ser Arg Lys Thr Tyr Arg He Asp Gly Ser Gly Gin 

850 855 860 

Met Ala He Thr Val Asp Val Glu Val Ala Ser Asp Thr Pro His Pro 

865 870 875 880 

Ala Arg He Gly Leu Asn Cys Gin Leu Ala Gin Val Ala Glu Arg Val 
885 890 895 

Asn Trp Leu Gly Leu Gly Pro Gin Glu Asn Tyr Pro Asp Arg Leu Thr 

900 905 910 

Ala Ala Cys Phe Asp Arg Trp Asp Leu Pro Leu Ser Asp Met Tyr Thr 

915 920 925 

Pro Tyr Val Phe Pro Ser Glu Asn Gly Leu Arg Cys Gly Thr Arg Glu 
930 935 940 

Leu Asn Tyr Gly Pro His Gin Trp Arg Gly Asp Phe Gin Phe Asn He 

945 950 955 960 

Ser Arg Tyr Ser Gin Gin Gin Leu Met Glu Thr Ser His Arg His Leu 
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965 970 975 

Leu His Ala Glu Glu Gly Thr Trp Leu Asn He Asp Gly Phe His Met 

980 985 990 

Gly He Gly Gly Asp Asp Set Trp Ser Pro Ser Val Ser Ala Glu Phe 
995 1000 1005 

Gin Leu Ser Ala Gly Arg Tyr His Tyr Gin Leu Val Trp Cys Gin Lys 
1010 1015 1020 



<210> 31 
<211> 448 
<212> PRT 

<213> Escherichia coli 
<400> 31 

Thr Pro Glu Met Pro Val Leu Glu Asn Arg Ala Ala Gin Gly Asp He 
15 10 15 

Thr Ala Pro Gly Gly Ala Arg Arg Leu Thr Gly Asp Gin Thr Ala Ala 

20 25 30 

Leu Arg Asp Ser Leu Ser Asp Lys Pro Ala Lys Asn He He Leu Leu 

35 40 45 
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He Gly Asp Gly Met Gly Asp Ser Glu lie Thr Ala Ala Arg Asn Tyr 

50 55 60 

Ala Glu Gly Ala Gly Gly Phe Phe Lys Gly He Asp Ala Leu Pro Leu 

65 70 75 80 

Thr Gly Gin Tyr Thr His Tyr Ala Leu Asn Lys Lys Thr Gly Lys Pro 
85 90 95 

Asp Tyr Val Thr Asp Ser Ala Ala Ser Ala Thr Ala Trp Ser Thr Gly 

100 105 110 

Val Lys Thr Tyr Asn Gly Ala Leu Gly Val Asp He His Glu Lys Asp 

115 120 125 

His Pro Thr He Leu Glu Met Ala Lys Ala Ala Gly Leu Ala Thr Gly 

130 135 140 

Asn Val Ser Thr Ala Glu Leu Gin Asp Ala Thr Pro Ala Ala Leu Val 

145 150 155 160 

Ala His Val Thr Ser Arg Lys Cys Tyr Gly Pro Ser Ala Thr Ser Glu 

165 170 175 

Lys Cys Pro Gly Asn Ala Leu Glu Lys Gly Gly Lys Gly Ser He Thr 
180 185 190 



Glu Gin Leu Leu Asn Ala Arg Ala Asp Val Thr Leu Gly Gly Gly Ala 
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195 200 205 

Lys Thr Phe Ala Glu Thr Ala Thr Ala Gly Glu Trp Gin Gly Lys Thr 

210 215 220 

Leu Arg Glu Gin Ala Gin Ala Arg Gly Tyr Gin Leu Val Ser Asp Ala 

225 230 235 240 

Ala Ser Leu Asn Ser Val Thr Glu Ala Asn Gin Gin Lys Pro Leu Leu 

245 250 255 

Gly Leu Phe Ala Asp Gly Asn Met Pro Val Arg Trp Leu Gly Pro Lys 

260 265 270 

Ala Thr Tyr His Gly Asn He Asp Lys Pro Ala Val Thr Cys Thr Pro 

275 280 285 

Asn Pro Gin Arg Asn Asp Ser Val Pro Thr Leu Ala Gin Met Thr Asp 

290 295 300 

Lys Ala He Glu Leu Leu Ser Lys Asn Glu Lys Gly Phe Phe Leu Gin 
305 310 315 320 

Val Glu Gly Ala Ser He Asp Lys Gin Asp His Ala Ala Asn Pro Cys 

325 330 335 

Gly Gin He Gly Glu Thr Val Asp Leu Asp Glu Ala Val Gin Arg Ala 

340 345 350 
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Leu Glu Phe Ala Lys Lys Glu Gly Asn Thr Leu Val He Val Thr Ala 

355 360 365 

Asp His Ala His Ala Ser Gin lie Val Ala Pro Asp Thr Lys Ala Pro 

370 375 380 

Gly Leu Thr Gin Ala Leu Asn Thr Lys Asp Gly Ala Val Met Val Met 

385 390 395 400 

Ser Tyr Gly Asn Ser Glu Glu Asp Ser Gin Glu His Thr Gly Gin Leu 

405 410 415 

Arg He Ala Ala Tyr Gly Pro His Ala Ala Asn Val Val Gly Leu Thr 

420 425 430 

Asp Gin Thr Asp Leu Phe Tyr Thr Met Lys Ala Ala Leu Gly Leu Lys 

435 440 445 
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[Title of Document] specification 

[Title of the Invention] HYBRID ENZYME AND USE THEREOF 
[Scope of Claim for a Patent] 

[Claim l] A hybrid enzyme which has a partial substitution or an insertion of a 
peptide containing a part of an amino acid sequence represented by SEQ ID NOrl, in 
which said hybrid enzyme has the same enzyme activity as an original enzyme without 
the substitution or the insertion of said peptide, and said hybrid enzyme activity is 
modulated when a material having binding ability to said peptide introduced by the 
substitution or the insertion is bound to the peptide moiety. 

[Claim 2] The hybrid enzyme according to claim 1, in which the peptide comprises 
an amino acid sequence having at least 6 or more sequential amino acid residues 
selected from the amino acid sequence of SEQ ID NO: 1. 

[Claim 3] The hybrid enzyme according to claim 2, in which the peptide has a 
property of being capable of binding to a material having binding ability to C-reactive 
protein. 

[Claim 4] The hybrid enzyme according to claim 1, in which the peptide comprises 
an amino acid sequence having at least 6 or more sequential amino acid residues 
selected from any one of SEQ ID NO: 2 through SEQ ID NO: 5. 

[Claim 5] The hybrid enzjone according to claim 1, in which the original enzyme is 
a glucose-6-phosphate dehydrogenase, a ^ -galactosidase or an alkaline phosphatase, 

[Claim 6] The hybrid enzyme according to claim 1, in which the material having 
binding ability to the peptide is an antibody. 

[Claim 7] A reagent for measurement of C-reactive protein comprising the hybrid 
enzyme according to any one of claims; 1 through 6. 

[Claim 8] The reagent according to claim 7 further comprising an anti-C-reactive 
protein antibody. 

[Claim 9] A kit for measurement of C-reactive protein containing a reagent 
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comprising the hybrid enzyme according to any one of claims 1 through 6. 

[Claim lO] The kit according to claim 9 further comprising an anti-C-reactive 
protein antibody, 

[Claim 11 ] A method for measurement of C-reactive protein which is characterized 
in using the hybrid enzyme according to any one of claims 1 through 6. 

[Claim 12] The method according to claim 11 further comprising using an anti-C- 
reactive protein antibody in combination. 

[Claim 13] A method for measurement of C-reactive protein comprising bringing a 
sample containing C-reactive protein, the enzyme according to any one of claims 1 
through 6 and an anti-C-reactive protein antibody into contact with one another, then 
measuring activity of the enzyme, and determining the amount of C-reactive protein in 
the sample based on the resulting enzyme activity. 

[Claim 14] A glucose-6-phosphate dehydrogenase, into which a peptide is 
introduced at a specific position by insertion or substitution. 

[Claim 15] The hybrid enzyme according to claim 14, in which the specific position 
is a position at which the glucose-6-phosphate dehydrogenase activity can be 
maintained even by the insertion or substitution of a peptide having 6 or more amino 
acid residues. 

[Claim 16] The hybrid enzyme according to claim 14, in which the specific position 
is a position at which the glucose-6-phosphate dehydrogenase activity is modulated 
when a material having binding ability to the peptide introduced by insertion or 
substitution is bound to said peptide. 

[Claim 17] The hybrid enzyme according to claim 14, in which the specific position 
is any position selected from the group consisting of the Leu305 to Asp310 positions, 
the Glu362 position and the C-terminal of the amino acid sequence of glucose-6- 
phosphate dehydrogenase represented by SEQ ID NO: 6. 

[Claim 18] The hybrid enzyme according to claim 14, in which the peptide is 
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selected from the amino acid sequence of C-reactive protein. 

[Claim 19] The hybrid enzyme according to claim 14, in which the peptide has a 
character that there is a material having binding ability specifically to the peptide. 

[Claim 20] A reagent for measurement of a material containing the peptide 
introduced into the hybrid enzyme according to any one of claim 14 through 19 by 
insertion or substitution, which comprises the hybrid enzyme according to any one of 
claims 14 through 19. 

[Claim 21] A kit for measurement of a material containing the peptide introduced 
into the hybrid enzyme according to any one of claim 14 through 19 by insertion or 
substitution, which comprises the hybrid enzyme according to any one of claims 14 
through 19. 

[Claim 22] A method for measurement of a material containing the peptide 
introduced into the hybrid enzyme according to any one of claim 14 through 19 by 
insertion or substitution, which is characterized in using the hybrid enzyme according to 
any one of claims 14 through 19. 

[Claim 23] A method for measurement of a material containing the peptide, which 
comprises using the hybrid enzyme according to any one of claims 14 through 19 in 
combination with a material having binding ability to the peptide introduced into the 
hybrid enzyme by insertion or substitution. 

[Claim 24] A method for measurement of a material containing said peptide 
introduced into the hybrid enzyme according to any one of claim 14 through 19, which 
comprises bringing the hybrid enzyme according to any one of claims 14 through 19, a 
sample containing a material containing the peptide introduced into said hybrid enzyme 
by insertion or substitution and a material having binding ability to said peptide into 
contact with one another, then measuring activity of said hybrid enzyme, and 
determining the amount of the material containing said peptide in the sample based on 
the resulting enzyme activity. 
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[Claim 25] A reagent for measurement of a material having binding ability to the 
peptide introduced into said hybrid enzyme according to any one of claim 14 through 19 
by insertion or substitution, which comprises the hybrid enzyme according to any one of 
claims 14 through 19. 

[Claim 26] A kit for measurement of a material having binding ability to the peptide 
introduced into said hybrid enzyme according to any one of claim 14 through 19 by 
insertion or substitution, which comprises the hybrid enzyme according to any one of 
claims 14 through 19. 

[Claim 27] A method for measurement of a material having binding ability to the 
peptide introduced into said hybrid enzyme according to any one of claim 14 through 19 
by insertion or substitution, which comprises using the hybrid enzyme according to any 
one of claims 14 through 19. 

[Claim 28] A method for measurement of a material having binding ability to said 
peptide introduced into the hybrid enzyme according to any one of claim 14 through 19, 
which comprises bringing the hybrid enzyme according to any one of claims 14 through 
19 into contact with a sample containing a material having binding ability to the peptide, 
then measuring an activity of said hybrid enzyme, emd determining the amount of the 
material having binding ability to said peptide in the sample based on the resulting 
enzyme activity. 

[Claim 29] A gene coding for a hybrid enzyme comprising an amino acid sequence 
into which a foreign peptide is introduced by substitution or insertion at any position 
selected from the group consisting of the Leu305 to Asp310 positions, the Glu362 
position and the C-terminal of the amino acid sequence of glucose-6-phosphate 
dehydrogenase represented by SEQ ID NO: 6. 

[Claim 30] A recombinant DNA, which is characterized in inserting the hybrid 
enzyme gene according to claim 29 into a vector DNA. 

[Claim 31] A transformant or a transductant comprising the recombinant DNA 
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according to claim 30. 

[Claim 32] A method for producing a protein having enzyme activity of glucose-6- 
phosphate, dehydrogenase and a property that the glucose-6-phosphate dehydrogenase 
activity is modulated when a material having binding ability to an amino acid sequence 
introduced into glucose-6-phosphate dehydrogenase by substitution or insertion is 
bound to the amino acid sequence, which comprises cultivating the transformant or the 
transductant according to claim 31, and collecting the protein. 

[Claim 33] A gene coding for a hybrid enzyme comprising an amino acid sequence 
into which an amino acid sequence, which can be cleaved with a restriction enzyme, is 
introduced by substitution or insertion at any position selected from the group 
consisting of the Leu305 to Asp310 positions, the Glu362 position and the C-terminal 
of the amino acid sequence of glucose-6-phosphate dehydrogenase represented by SEQ 
ID NO: 6. 

[Claim 34] A recombinant DNA, which is characterized in inserting the hybrid 
enzyme gene according to claim 33 into a vector DNA. 

[Claim 35] A )3 -galactosidase into which a peptide selected from an amino acid 
sequence represented by SEQ ID NO: 1 is introduced at a specific position by insertion 
or substitution. 

[Claim 36] The hybrid enzyme according to claim 35, in which the specific position 
is either selected from the Ile280 to Asp281 positions and Val796 to Ser797 positions of 
an amino acid sequence of a )3 -galactosidase represented by SEQ ID NO: 30. 

[Claim 37] A gene coding for the hybrid enzyme according to claim 36. 

[Claim 38] A recombinant DNA, which is characterized in inserting the hybrid 
enzyme gene according to claim 37 into a vector DNA. 

[Claim 39] A transformant or a transductant comprising the recombinant DNA 
according to claim 38. 

[Claim 40] A method for producing a protein having an enzyme activity of a 3 - 
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galactosidase and a property that the ^ -galactosidase activity is modulated when a 
material having binding ability to an amino acid sequence introduced into the 0- 
galactosidase by substitution or insertion is bound to the amino acid sequence, which 
comprises cultivating the transformant or the transductant according to claim 39, and 
collecting the protein. 

[Claim 41] An alkaline phosphatase into which a peptide selected from an amino 
acid sequence represented by SEQ ID NO: 1 is introduced at a specific position by 
insertion or substitution. 

[Claim 42] The hybrid enzyme according to claim 41, in which the specific position 
is any one selected from the Lysl67 to Cysl68 positions, the Cysl68 to Tyrl69 
positions, the Glu407 to Asp408 positions, the Lys91 to Thr93 positions and the Tyrl69 
to Lysl77 positions of an amino acid sequence of an alkaline phosphatase represented 
by SEQ ID NO: 31. 

[Claim 43] A gene coding for the hybrid enzyme according to claim 42. 
[Claim 44] A recombinant DNA, which is characterized in inserting the hybrid 
enzyme gene according to claim 43 into a vector DNA. 

[Claim 45] A transformant or a transductant comprising the recombinant DNA 
according to claim 44. 

[Claim 46] A method for producing a protein having an enzyme activity of an 
alkaline phosphatase and a property that the alkaline phosphatase activity is modulated 
when a material having binding ability to an amino acid sequence introduced into the 
alkaline phosphatase by substitution or insertion is bound to the amino acid sequence, 
which comprises cuhivating the transformant or the transductant according to claim 45, 
and collecting the protein. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 



6 



The present invention relates to a hybrid enzyme and a biological substance assay 
system using the same. More particularly, the present invention relates to a hybrid 
enzyme containing a part of an amino acid sequence of C-reactive protein (hereinafter 
briefly referred to as CRP) and CRP assay system using the hybrid enz)aiie, and a 
hybrid type of glucose-6-phosphate dehydrogenase (G6PDH) containing an foreign 
peptide at a specific position and a various foreign peptide assay system using the 
hybrid type enzyme. 

[0002] 

[Prior Art] 

Biological substance assay systems utilizing the antigen-antibody reaction can be 
roughly divided into two types: homogeneous assay systems such as turbidimetric 
immunoassay and latex turbidimetric immunoassay, and heterogeneous assay systems 
such as an immunoassay using HPLC, electrophoresis etc., radio immunoassay and 
enzyme immunoassay (EIA), In either case, measurements zire made at present using 
almost automated instruments. However, in the heterogeneous assay systems such as a 
macromolecule material assays or a small molecule material assays, special instruments 
are indispensable because solid phases are used. Accordingly, general-purpose 
automatic analyzers can not be applied to these systems. Also in the homogeneous 
assay systems, except for turbidimetric immunoassay and latex turbidimetric 
immunoassay, special instruments are used, and general-purpose automatic analyzers 
can not be applied to these systems. On the other hand, the EMIT method 
( IMMUNOASSAYS , R. M. Nakamura et al., Alan R. Liss, Inc., New York) using an 
enzyme is established and comes in practice at present as a homogeneous immunoassay 
system applicable to the general-purpose automatic analyzers. This assay system is a 
method for measurement of the amount of a material to be assayed by using an enzyme 
chemically modified with the material to be assayed and utilizing that enzyme activity is 
inhibited to result in a reduction in enzyme activity when an antibody to the material to 
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be assayed is bound thereto. However, this system has the problem that the material to 
be assayed is limited to a small molecule material such as haptene. Then, recently, a 
homogeneous assay system using a hybrid enzyme formed by inserting a foreign 
peptide into an enzyme by genie recombination is contrived as a homogeneous 
immunoassay system which makes it possible to assay a macromolecule material by use 
of the enzyme. TTiat is to say, this is a method for assaying the amount of the foreign 
peptide, a material containing the peptide in its amino acid sequence, or a material 
having binding ability to the peptide, by utilizing that enzyme activity varies when an 
antibody is bound to a foreign peptide moiety in the hybrid enzyme. As the enzymes 
used in this method, there are known alkaline phosphatases (Published Japanese 
Translation of PCT International Publication (Toku-Hyo-Hei) 8-507686 (1996)) and 0 
-galactosidases (EEESielters, 434, 23-27 (1998), FEBS T.tt... 438, 267-271 (1998)). 
In this method, however, it is also known that the hybrid enzyme sometimes loses 
enzyme activity according to the position where a foreign peptide is inserted, or that 
even when the hybrid enzyme has enzyme activity, the enzyme activity sometimes does 
not vary when the material having binding ability is bound to the hybrid enzyme. 
Meanwhile, CRP, which is 0 -globulin in the serum which reacts with C 
polysaccharide of Streptococcus Pneumoniae, is known to be acute phase reactant 
protein and to increase in an inflammation or tissue injury. The measurement of CRP 
is useful for early diagnosis of inflammation in tissue and diagnosis of diseases; 
Conventionally, CRP has been measured by turbidimetric immunoassay, latex 
turbidimetric immunoassay, enzyme immunoassay or radio immunoassay. Of these, 
turbidimetric immunoassay and latex turbidimetric immunoassay are applicable to the 
general-purpose automatic analyzers. However, as both are a method for detecting 
changes in turbidity, they are not said to be a complete homogeneous assay systems and 
have a problem with regard to accuracy on measurement. Accordingly, it has been 
desired to develop the micromeasurement of CRP applicable to the general-purpose 
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automatic analyzers according to the complete homogeneous assay system with high in 
assay, accuracy. 
[0003] 

[Problems to be Solved by the Invention] 
In view of the situation as described above, one of problems to be solved by the present 
invention is to provide a method which makes it possible to assay a trace amount of 
CRP in a sample by a homogeneous colorimetry. It is another problem to be solved by 
the present invention to provide a method for measuring a macromolecule material in a 
homogeneous system. 

[0004] 

[Means for Solving the Problems] 
As a result of intensive research for solving the above-mentioned problems, the present 
inventors have found that the use of the above-mentioned hybrid enzyme makes it 
possible to assay in a homogeneous system a macromolecule material to be assayed, 
and have considered to be capable of developing a new CRP micromeasuring method 
applicable to the general-purpose automatic analyzers by application of this method to 
the assay of CRP, because the detection thereof can be conducted by a colorimetry. 
The present inventors have conducted further research, and have discovered that the 
above-mentioned problems can be solved by using a hybrid enzyme containing a part of 
a material to be analyzed such as CRP at a certain position of some kind of enzyme, 
thus completing the present invention. 

That is to say, as an effective hybrid enzyme for providing a method which 
makes it possible to measure a trace amount of CRP in a sample by a homogeneous 
colorimetry using a hybrid enzjme in which a CRP-derived peptide is inserted into a 
specific position, the present invention provides (1) a hybrid enzyme which has a partial 
substitution or an insertion of a peptide containing a part of an amino acid sequence 
represented by SEQ ID NO:l, in which said hybrid enzyme has the same enzyme 
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activity as an original enzyme without the substitution or the insertion of said peptide, 
and said hybrid enzyme activity varied when a material having binding ability to said 
peptide introduced by the substitution or the insertion is bound to the peptide moiety; 
(2) the hybrid enzyme described in (1), in which the peptide comprises an amino acid 
sequence having at least 6 or more sequential amino acid residues selected from the 
amino acid sequence of SEQ ID NO: 1; (3) the hybrid enzyme described in (2), in 
which the peptide has a property of being capable of binding to a material having 
binding ability to CRP; (4) the hybrid enzyme described in (1), in which the peptide 
comprises an amino acid sequence having at least 6 or more sequential amino acid 
residues selected from any one of SEQ ID NO: 2 through SEQ ID NO: 5; (5) the hybrid 
enzyme described in (1), in which the enzyme is a glucose-6-phosphate dehydrogenase 
(hereinafter sometimes referred to as G6PDH), a jS -galactosidase or an alkaline 
phosphatase; and (6) the hybrid enzyme described in (1), in which the material having 
binding ability to the peptide is an antibody. As a method for measuring a trace 
amount of CRP in a sample by a homogeneous colorimetry using the above-mentioned 
hybrid enzyme, the present invention provides (7) a reagent for measurement of CPR 
comprising the enzyme described in any one of (1) through (6); (8) the reagent 
described in (7) further comprising an anti-CRP antibody; (9) a kit for measurement of 
CRP containing a reagent comprising the enzyme described in any one of (1) through 
(6); (10) the kit described in (9) further comprising an anti-CRP antibody; (11) a method 
for measurement of CRP which is characterized in using the enzyme described in any 
one of (1) through (6); (12) the method described in (11) further comprising using an 
anti-CRP antibody in combination; and (13) a method for measurement of CRP 
comprising bringing a sample containing CRP, the enzyme described in any one of (1) 
through (6) and an anti-CRP antibody into contact with one another, then determining 
an activity of the enzyme, and determining the amount of CRP in the sample based on 
the resulting enzyme activity. 
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Further, as G6PDH-containing hybrid enzyme having a similar enzyme activity 
also when a foreign peptide is inserted therein, and having a property that the enzyme 
activity can vary when a material having binding ability to the foreign peptide moiety is 
bound thereto, for measurement of a macromolecule material in a homogeneous system, 
the present invention provides (14) G6PDH having a peptide introduced into a specific 
position of G6PDH by insertion or substitution; (15) the enzyme described in (14), in 
which the specific position is a position at which the G6PDH activity can be maintained 
even in the insertion or substitution of a peptide having 6 or more amino acid residues; 
(16) the hybrid enzyme described in (14), in which the specific position is a position at 
which the G6PDH activity is modulated when a material having binding ability to the 
peptide introduced by insertion or substitution is bound to the peptide; (17) the enzyme 
described in (14), in which the specific position is any position selected from the group 
consisting of the Leu305 to Asp310, Glu362 and the C-terminal of the amino acid 
sequence of G6PDH represented by SEQ ID NO: 6; (18) the enzyme described in (14), 
in which the peptide is selected from the amino acid sequence of CRP; and (19) the 
enzyme described in (14), in which the peptide has a character that there is a material 
having binding ability specifically to the part of the hybrid enzyme in which the peptide 
is substituted or inserted. The present invention further provides (20) a reagent 
comprising the enzyme described in any one of (14) through (19), for measurement of a 
material containing the peptide introduced into the hybrid enzyme described in any one 
of (14) through (19) by insertion or substitution; (21) a kit comprising the enzyme 
described in any one of (14) through (19), for measurement of a material containing the 
peptide introduced into the hybrid enzyme according to any one of (14) through (19) by 
insertion or substitution; (22) a method comprising using the hybrid enzyme described 
in any one of (14) through (19), for measurement of a material containing the peptide 
introduced into the enzyme according to any one of (14) through (19) by insertion or 
substitution; (23) a method comprising using the enzyme described in any one of (14) 
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through (19) in combination with a material having binding ability to the peptide 
introduced into the enzyme described in any one of (14) through (19) by insertion or 
substitution, for measurement of a material containing the peptide; (24) a method 
comprising bringing the enzyme described in any one of (14) through (19), a sample 
containing a material containing the peptide introduced into the enzyme by insertion or 
substitution and a material having binding ability to the peptide into contact with one 
another, then measuring activity of the enzyme, and determining the amount of the 
material containing the peptide in the sample based on the resulting enzyme activity, for 
measurement of the material containing the peptide; (25) a reagent comprising the 
enzyme described in any one of (14) through (19), for measurement of a material having 
binding ability to the peptide introduced into the enzyme by insertion or substitution; 
(26) a kit comprising the enzyme described in any one of (14) through (19), for 
measurement of a material having binding ability to the peptide introduced into the 
enzyme by insertion or substitution; (27) a method comprising using the enzyme 
described in any one of (14) through (19), for measurement of a material having binding 
ability to the peptide introduced into the enzyme by insertion or substitution; and (28) a 
method comprising bringing the enzyme described in any one of (14) through (19) into 
contact with a sample containing a material having binding ability to the peptide 
introduced into the enzjmie by insertion or substitution, then measuring an activity of 
the enzyme, and determining the amount of the material having binding ability to said 
peptide in the sample based on the resulting enzyme activity, for measurement of a 
material having binding ability to the peptide. 

In the present invention, in order to produce a reagent for detecting a certain 
material or a material having binding ability thereto, it has been discovered that (29) a 
gene coding for a hybrid enzyme comprising an amino acid sequence into which a 
foreign peptide is introduced by substitution or insertion at any position selected from 
the group consisting of the Leu305 to Asp310, Glu362 and the C-terminal of the amino 
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acid sequence of G6PDH represented by SEQ ID NO: 6 is useful. The present 
invention further provides (30) a novel recombinant DNA which is characterized in 
inserting the hybrid enzyme gene described in (29) into a vector DNA; (31) a 
transformant or a transductant comprising the recombinant DNA described in (30); (32) 
a method for producing a protein having an enzyme activity of G6PDH and a property 
that the G6PDH activity is modulated when a material having binding ability to an 
amino acid sequence introduced into G6PDH by substitution or insertion is bound to the 
amino acid sequence, which comprises cultivating the transformant or the transductant 
described in (31), and collecting the protein; (33) a gene coding for a hybrid enzyme 
comprising an amino acid sequence into which an amino acid sequence ,which can be 
cleaved with a restriction enzyme is introduced by substitution or insertion at any 
position selected from the group consisting of the Leu305 to Asp310 positions, the 
Glu362 position and the C-terminal of the amino acid sequence of G6PDH represented 
by SEQ ID NO: 6; and (34) a novel recombinant DNA which is characterized in 
inserting the hybrid enzyme gene described in (33) into a vector DNA. 

Still further, the present invention provides (35) 13 -galactosidase in which a 
peptide selected from an amino acid sequence represented by SEQ ID NO: 1 is 
introduced into a specific position of )3 -galactosidase by insertion or substitution; (36) 
the iS -galactosidase described in (35), in which the specific position is a site selected 
from the position Ile280/Asp281 and Val796/Ser797 of an amino acid sequence of a )3 
-galactosidase represented by SEQ ID NO: 30; (37) a gene coding for the hybrid 
enzyme described in (36); (38) a novel recombinant DNA which is characterized in 
inserting the hybrid enzyme gene described in (37) into a vector DNA; (39) a 
transformant or a transductant comprising the recombinant DNA described in (38); and 
(40) a method for producing a protein having an enzyme activity of a )3 -galactosidase 
and a property that the )3 -galactosidase activity varies when a material having binding 
ability to an amino acid sequence introduced into the )3 -galactosidase by substitution 
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or insertion is bound to the amino acid sequence, which comprises cultivating the 
transformant or the transductant described in (39), and collecting the protein. 

Furthermore, the present invention provides (41) alkaline phosphatase in which 
a peptide selected from an amino acid sequence represented by SEQ ID NO: 1 is 
introduced into a specific position of an alkaline phosphatase by insertion or 
substitution; (42) the hybrid enzyme described in (41), in which the specific position is 
a site selected from the position Lysl67/168Cys, Cysl68/169Tyr, Glu407/408Asp, 
Lys91/93Thr and Tyrl69/177Lys of an amino acid sequence of an alkaline phosphatase 
represented by SEQ ID NO: 31; (43) a gene coding for the hybrid enzyme described in 
(42); (44) a novel recombinant DNA , which is characterized in inserting the hybrid 
enzyme gene described in (43) into a vector DNA; (45) a transformant or a transductant 
comprising the recombinant DNA described in (44); and (46) a method for producing a 
protein having an enzyme activity of an alkaline phosphatase and having a property that 
the alkaline phosphatase activity varies when a material having binding ability to an 
amino acid sequence introduced into the alkaline phosphatase by substitution or 
insertion is bound to the amino acid sequence, which comprises cultivating the 
transformant or the transductant described in (45), and collecting the protein. 
[0005] 

[The Embodiments of the Invention] 
Origin enzymes used for the hybrid enzymes of the present invention may be any, as 
long as they are enzymes generally used. Examples thereof include adenosine 
deaminases, alkaline phosphatases, Q^mylases, bacterial luciferases, j3 -galactosidases, 
^ -galactosidase fragments, j3 -lactamases, carbonic anhydrases, catalases, firefly 
luciferases, glucose oxidases, glucose-6-phosphate dehydrogenases, glucosidases, 
hexokinases, horseradish peroxidases, invertases, isocitrate dehydrogenases, lysozymes, 
malate dehydrogenases, micro peroxidases, 6-phosphofructases and xanthine oxidases. 

Further, all enzymes can be used, as long as each amino acid sequence or DNA 
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sequence arrangement thereof is determinate or can be determined, and the enzyme 
activity varies when a part of the enzyme are substituted by a foreign peptide or a 
foreign peptide is inserted into a part thereof and a material having binding ability to the 
peptide is bound to the peptide. Among which, enzymes having high enzyme activity, 
ones having good stability and ones which can be assayed by the colorimetry are 
particularly preferred. Examples thereof include G6PDHs, i3 -galactosidases and 
alkaline phosphatases. Genes of these enzymes are available by cloning methods from 
genomes usually employed. Of course, already cloned genes or synthetic DNA can 
also be used. These enzymes may be derived from any, and each amino acid sequence 
thereof may be a sequence obtained by deletion, substitution or addition of one or more 
amino acids, as long as they have intrinsic enzyme activity. 

The foreign peptide used for preparing the hybrid enzyme of the present 
invention may be any, as long as a material such as an antibody or a receptor having 
binding ability to the peptide is present. Donors thereof include, for example, 
biological substances such as CRP, IgG, IgA, IgM, C3, C4, )3 2 microglobulin and 
albumin, various cancer markers such as Qi -fetoprotein, CA19-9, prostatic specific 
antigen (PSA) and carcinoembryonic antigen (CEA), various hormones such as insulin, 
human chorionic gonadotropin (hCG), albumin, streptolysin O (SLO), prolactin and 
thyroid stimulating hormone (TSH), various toxins such as streptolysin O (SLO), or 
various viruses such as hepatitis B virus (HBV), hepatitis C virus (HCV), human 
immunodeficiency virus (HIV) and human papilloma virus (HPV), which are generally 
assayed(measured) in immunoassay systems. 

There is no particular limitation on the vector used in the recombinant DNA of 
the present invention, as long as it is a vector such as a plasmid vector and a bacterio 
phage vector, which can be replicated and inherited in various hosts of procaryotic cells 
and/or eucaryotic cells. Examples of such vectors include Escherichia £Qli-derived 
plasmids such as pBR322, pBR325, pUC12, pUC13 and pBluescript, yeast-derived 
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normally inserted into the vector DNA according to conventional method, thereby being 
able to obtain the recombinant DNA containing the DNA coding for the hybrid enzyme. 
Then, a method for preparing a restriction enzyme site in the G6PDH gene inserted into 
the plasmid, and connecting the foreign peptide by insertion or substitution is described 
below. 

That is to say, using the G6PDH gene as a template, primers to which a site 
cleavable with a restriction enzyme such as BamH I (BamH I site) is added in order to 
insert the BamH I site into the 5 '-terminal of base sequences coding for amino acid 
sequences on both sides of a insertion position of a foreign peptide in G6PDH, is 
subjected to the PGR, in combination with primers of base sequences coding for 
upstream part or downstream part from a position where a foreign peptide is to be 
inserted respectively, to amplify DNA fragments to which the BamH I site is inserted. 
Then, two kinds of fragments thus obtained are connected to each other on the vector, 
thereby being able to construct the G6PDH gene into which the BamH I site is inserted. 
The restriction enzyme site is cleaved with the restriction enzyme, thereby being able to 
insert any DNA fragment having a complementary sequence and the cleaved site at both 
ends thereof. 

When any amino acid sequence is eliminated for inserting the peptide by substitution, 
both sides of the sequence to be eliminated are subjected to the same operation as 
described above. Thus, the G6PDH gene connected to the foreign peptide by 
substitution can be obtained. 

When the recombinant DNA is constructed, secretory production can also be 
conducted as a fused protein of the hybrid enzyme and another protein or peptide. 
Further, the fused protein produced by secretion can also be cleaved with an appropriate 
protease or by chemical treatment to obtain the hybrid enzyme. Examples of the 
proteins to be fused include maltose binding proteins and glutathione S-transferase, and 
examples of the peptides to be fused include histidine tags and FLAG tags. 
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TTie basic vectors for the construction of the recombinant DNA include, for 
example, plasmid vectors, such as pBR322 (J. G. Sutcliffe, Cold Spring Harbor 
Symposium, 43, 77 (1979)), pUC18/19 (C Yanisch-Perron et al., 23, 102-119 

(1985)), pBluescript DSKh- (STRATEGENE), pMAI.C2 (NEW England Biolabs), 
pTrc99A (Amersham Pharmacia), pKK223-3 (Amersham Pharmacia) and pET-11 
(STRATEGENE), and bacteriophage vectors such as AENBL3 (STRATEGENE) and 
A DASHII (Funakoshi). 

A promoter used in the recombinant DNA may be any, as long as it functions in 
Esdieiia. CQli. Examples thereof include a lac promoter, a tip promoter, a T7 promoter 
and derivatives thereof. Further, the recombinant DNA may contain an initiation 
signal such as a liposome binding sequence functioning. in E. coli and a terminator. It 
may further contain a selective marker gene such as an ampiciUin-resistance gene or a 
tetracycline-resistant gene. 
[0006] 

Using the recombinant DNA thus constructed, K CD^ is transformed or 
transduced to prepare a transformant or a transductant. E. mli includes M103, JA221, 
HBlOl, C600, XLl-Blue and JM109. 

Methods for transforming or transducing the recombinant DNA into 
Esch^ CQli include, for example, the method of Cohen et al. (Flo^:.:2ML^:,a^ 
U^, ^, 2110 (1972)) and the method of Hanahan et al. (I^^loL^, 557 
(1983)). The recombinant DNA may be obtained from the recombinant DNA- 
containing transformant or transductant by a conventional method such as the alkali 
miniprep method. 

The hybrid enzyme of the present invention can be produced by cultivating the 
transformant or transductant of the recombinant DNA prepared as described above. 
Media used include, for example, Luria-Bertani medium (Molecular Cloning (J 
Sambrook et al., 2nd Edition, Cold Spring Harbor Laboratory)), 2xYT medium 
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(Molecular Cloning (J. Sambrook et al., 2nd Edition, Cold Spring Harbor Laboratory)) 
and M9 medium (J. Miller, Exp. Mol. Genet., Cold Spring Harbor Laboratory, New 
York, page 431 (1972)). The pH of the medium is preferably from 5 to 8. The 
cultivation is conducted usually at 14 to 42°C, preferably at 28 to 39°C, for 3 to 24 
hours, optionally with aeration or stirring. Further, an expression inducing reagent 
such as isopropyl- jS -D-l-thiogalacto pyranoside, or an antibiotic such as ampicillin or 
chloramphenicol may be added as needed. 

The hybrid enzyme of the present invention can be obtained in the following 
manner from the culture product obtained by the above-mentioned cultivation. That is 
to say, when the hybrid enzyme exists in a culture solution of the culture product, a 
culture filtrate or culture supernatant containing the hybrid enzyme is obtained by a 
conventional method such as filtration or centrifugation. On the other hand, when the 
hybrid enzyme exists in periplasms or cells of the cultivated transformant or. 
transductant, the culture product is subjected to a conventional method such as filtration 
or centrifugation to collect the periplasms or cells, which is suspended in a proper buffer 
solution and the cells in this solution are disrupted by a conventional method such as 
ultrasonication, lysozyme treatment or freeze-thawing. Then, a crude extract solution 
containing the hybrid enzyme is obtained by a conventional method such as filtration or 
centrifugation. 

The hybrid enzyme may be separated and purified from the thus obtained 
culture filtrate, culture supernatant or crude extract solution containing the hybrid 
enzyme of the present invention by a suitable combination of known separating and 
purifying methods. These known separating and purifying methods include methods 
mainly utilizing a difference in solubility such as salting-out and solvent precipitation, 
methods mainly utilizing a difference in molecular weight such as dialysis, 
ultrafiltration, gel filtration and SDS-polyacrylamide gel electrophoresis, methods 
utilizing a difference in electric charge such as ion exchange chromatography, methods 
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amino acid sequence selected from GIn(l)-Asp(16), GIu(14)-Ala(24), Leu(22)-Ser(45), 
Thr(41)-Asn(61), Arg(47)-Ile(63), Lys(114).Lys(121), Glu(130)-Glu(138), Ile(134)- 
Gly(148), Gln(137)-Leu(152), G]u(147)-Leu(152), Asp(3)-Ser(18), Leu(152)-Val(165), 
Val(165)-GIy(178), I.u(121)-Ser(132) and Axg(188)-G]u(197), is preferred. In 
particular, an amino acid sequence containing at least 6 or more sequential amino acid 
residues selected from sequences represented by SEQ ID NO: 2 (Asp(3)-Ser(18)), SEQ 
ID NO: 3 (Uu(152)-GIy(178)), SEQ ID NO: 4 (Leu(121)-Ser(132)) and SEQ ID NO: 5 
(Arg(188).GIu(197)) is more preferred. The peptide moiety introduced into the 
enzyme by insertion or substitution may contain a sequence other than the desired 
peptide, such as a restriction enzyme site, which is sometimes introduced in the course 
of preparing the hybrid enzyme. 

In the present invention, the foreign peptide may be inserted into the origin 
enzyme of the hybrid enzyme at any position, as long as the enzyme activity is 
maintained also when the foreign peptide is inserted, and is modified when a material 
having binding ability to the inserted foreign peptide is bound to the peptide. The 
positions considered to be suitable therefor include a site exposed on a surface of the 
enzyme and a site where activation is influenced. The preferred position at which the 
foreign peptide is inserted into G6PDH as the origin enzyme was studied using the 
CRP-derived peptide. That is to say, we tried to insert the foreign peptide into the N- 
terminal, 32/33 (which means "between the 32nd and the 33rd», hereinafter the same), 
37/38, 48/49, 66/67, 87/88, 139/140, 226/227, 294/295, 296/297, 302/303, 305-310,' 
362/363, 409/410 and the C-terminal of G6PDH. Results thereof show that the 
effective sites for CRP measurement at which the enzyme activity remains in the 
insertion of the peptide and is modulated by the anti-CRP antibody reaction are the N- 
terminal, 139/140, 302/303, 305/306, 306/307, 308/309, 309/310, 362/363 and the C- 
terminal, as shown in Table 1. 
[0008] 
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[Table l] 



Insertion Site 


Activity in Peptide 
Insertion 


Modulations in Enzyme 
Activity in Antibody 
Reaction 


Lys32/Lys33 






Gln37/Lys38 






Gln48/Ala49 


+ 




Phe66/Thr67 


+ 




Val87/Thr88 






Gly226/Tyr227 






Ala296/Asp297 






Leu305/Asp306 


+ 


+ 


Asp306A^al307 


+ 


+ 


Pro308/Ala309 


+ 


+ 


Ala309/Asp310 


+ 


+ 


Glu329/Gly330 






Glu362/Gln363 


+ 


+ 


Lys409/Lys410 






C-terminal 


+ 


+ 



The partial substitution of the amino acid sequence of the enzyme by the 
foreign peptide means that amino acid residues at specific sites of the enzyme are 
substituted by the amino acid sequence of the foreign peptide. In this case, the amino 
acid residue of the peptide introduced by substitution may be either more or less than 
the amino acid residues eliminated from the enzyme, as long as the enzyme activity of 
the original enzyme is maintained also after substitution, and is modulated when a 
material having binding ability to the foreign peptide introduced by substitution is 
bound to the peptide. It is preferred that the number of the amino acid residues 
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4' 



eliminated is approximately the same as that of the amino acid residues introduced. 
Further, it is preferred that the number of the amino acid residues of the peptide 
introduced by substitution is approximately the same as that of the amino acid residues 
of the foreign peptide introduced into the above-mentioned enzyme. Still further, the 
origin enzyme may be substituted by the foreign peptide at any position, as long as the 
enzyme activity is maintained also after substitution, and is modulated when a material 
having binding ability to the foreign peptide introduced by substitution is bound to the 
peptide. The position at which the foreign peptide is introduced by substitution is 
selected, based on the position at which the foreign peptide can be inserted into the 
original enzyme of the hybrid enzyme, as shown above, 
[0009] 

In the present invention, the hybrid enzyme obtained as described above is used 
for qualitative analysis or quantitative analysis 

The hybrid enzyme of the present invention is modulated in its enzyme activity 
according to the binding amount thereof, when a material having binding ability to the 
foreign peptide introduced by substitution or insertion is bound to the peptide. 
Accordingly, the presence and amount of the material having the binding ability to the 
foreign peptide can be detected by allowing a sample containing the binding material to 
react with the hybrid enzyme of the present invention, and assaying modulations in the 
enzyme activity. The use of the hybrid enzyme of the present invention and the 
material having the binding ability allows the presence or amount of the material 
containing the peptide to be detected, by utilizing that the amount of the material having 
the binding ability which is bound to the hybrid enzyme is modulated by competition of 
the peptide introduced into the hybrid enzyme by insertion or substitution and the 
substance containing the peptide to the material having the binding ability. This 
process comprises the steps of (1) bringing a sample containing a material to be 
analyzed, the hybrid enzyme of the present invention and the substance having the 
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binding ability to the foreign peptide introduced into the hybrid enzyme of the present 
invention by insertion or substitution in contact with one another to form a reaction 
mixture, (2) bringing the reaction mixture into contact with a substrate to the starting 
enzyme, and (3) monitoring changes in the enzyme activity of the hybrid enzyme 
according to the amount of the material to be analyzed existing in the reaction mixture. 
Step (2) can also be carried out after the reaction mixture is allowed to reach a steady 
state or an equilibrium state, and step (1) can be carried out sequentially or concurrently. 
In step (1), a sample containing the material having the binding ability to the peptide 
can be reacted with the hybrid enzyme, thereby detecting the presence and amount of 
the material having the binding ability to the peptide. 

As described above, the use of the hybrid enzyme-containing reagent of the 
present invention allows the presence or amount of the anti-CRP antibody to be directly 
assayed. Further, the use of a reagent containing the anti-CRP antibody together with 
the hybrid enzyme of the present invention makes it possible to conduct the assay for 
indirectly detecting the presence or amount of CRP as an antigen, by binding 
competition of the hybrid enzyme and CRP to . the anti-CRP antibody as a binding 
material. 

The enzyme activity of the hybrid enzyme may be assayed in accordance with 
the method for assaying the activity of the original enzyme. 

The G6PDHs used for preparing G6PDH-containing hybrid enzymes for 
assaying a macromolecule material in a homogeneous system, which can maintain the 
same enzyme activity also after insertion of the foreign peptide and be modulated in the 
enzyme activity when the material having binding ability to the foreign peptide moiety 
is bound to the foreign peptide moiety, include one having the amino acid sequence 
represented by SEQ ID NO: 6 or a sequence obtained by deletion, substitution or 
addition of one or more amino acids of the amino acid sequence, and one having 
G6PDH activity even though it is different origin. Preferred examples of the positions 
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at which the foreign peptides are inserted include the positions described above. 

The foreign peptides include all the peptides described above. Of these, the 
peptides as described above are preferably used as GRP. 

The hybrid enzyme prepared by using an enzyme other than the G6PDH, into 
which the foreign peptide containing as a part thereof a CRP-derived peptide is 
introduced by insertion or substitution, is also prepared in the same manner as described 
above. The position at which the foreign peptide is introduced by insertion or 
substitution may also be appropriately selected in the same manner. When the - 
galactosidase is used as the enzyme, the position may also be selected, based on the 
descriptions of FEBS Letters . 434, 23-27 (1998) and FEES Letters . 438, 267-271 
(1998). When the alkaline phosphatase is used, the position may also be selected, 
based on a method described in Proc. Natl. Acad. Sci. U.S.A. , 92 (1995). 

The use of the thus obtained hybrid enzyme into which the foreign peptide is 
introduced allows the presence or the amount of the material having the binding ability 
to the foreign peptide to be directly assayed, and the use of the hybrid enzyme and the 
material having the binding ability to the foreign peptide such as an antibody in 
combination makes it possible to conduct the assay for indirectly detecting the presence 
or the amount of the macromolecule material containing the foreign peptide. These 
assays may be conducted, based on the assaying operations of CRP or the anti-CRP 
antibody described above. Further, the use of the hybrid enzyme allows the 
macromolecule material to be assayed with high sensitivity in the homogeneous system, 
and this method can also be applied to general-purpose automatic analyzers. 

Examples are shown below for illustrating the invention in more detail, but the 
invention is not construed as being limited by descriptions given therein. 

[0010] 

[Example] 
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EXAMPLE 1 

Construction Plasmid containing G6PDH gene 

Five milliliters of LACTOBACILLI MRS BROTH (DIFICO) was inoculated 
with Leuconostoc mesenteroides, and shake cultured at 26°C for 16 hours to obtain a 
culture medium. Then, the culture medium was centrifuged at 4*'C at 6000 rpm for 10 
minutes, and harvested to obtain cells. The cells were suspended in a 10 mM tris 
(hydr6xymethyl)aminomethane (Tris/HCl) buffer containing 1 mM 
ethylenediaminetetraacetic acid (EDTA) (hereinafter referred to as TE for brevity), and 
achromopeptitase was added so as to give a final concentration of 300 u/ml, followed by 
standing at 37°C for 2 hours. Then, SDS and Proteinase K were added so as to give 
final concentrations of 0.5% and 100 U g/ml, respectively, and the resulting suspension 
was further allowed to stand at 37°C for 2 hours to conduct bacteriolysis. Genomic 
DNA of Leuconostoc mesenteroides was extracted as a donor of a G6PDH gene 
according to a conventional method described in Molecular Cloning (J. Sambrook et al., 
2nd Edition, Cold Spring Harbor Laboratory). Operations were hereinafter conducted 
according to well-known techniques generally employed, which were described in 
Molecular Cloning (J. Sambrook et al., 2nd Edition, Cold Spring Harbor Laboratory) 
and the like, unless otherwise specified. Then, for obtaining the G6PDH gene, the 
polymerase strand reaction (hereinafter referred to as PCR for brevity) was conducted 
according to the following procedure. The above-mentioned genonaic DNA (10 ng) 
was added as a template DNA, and 0. 1 nmol of each oligonucleotide primer 
represented by SEQ ID NO: 7 and SEQ ID NO: 8, respectively, containing the N- 
terminal and C-terminal sequences of the G6PDH gene, respectively, was added. Then, 
the reaction cycle at 94**C for 30 seconds, at 65°C for 30 seconds and at 72°C for 4 
minutes was repeated 25 times using a DNA thermal cycler (Perkin Elmer) to amplify 
DNA fragment. As a result, an about 1.5-kbp DNA fragment containing the G6PDH 
gene was specifically amplified. The resulting DNA fragment was ligated to an Eco 
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RV site of cloning vector pBluescript II KS+ (Stratagene) to construct plasmid pBSWG. 

Then, cloning vector pUC18 was digested with Eco RI and Sal I, and then, an 
end thereof was made flush. The resulting DNA fragment was ligated to the end made 
flush to construct plasmid pUCG which could express the G6PDH gene. Further, the 
750th from the N-terminal of the G6PDH gene, cytosine, was varied to thymine using 
the oligonucleotide primer represented by SEQ ID NO: 9 and Mutan-K (Takara Shuzo 
Co., Ltd.) according to the Kunkel method, thereby constructing plasmid pBSMG 
containing the G6PDH gene having no restriction enzyme Nco I recognition sequence at 
a position other than the N-terminal, without changing the amino acid sequence. This 
plasmid was digested with restriction enzymes Nco I and Pst I, and an about 1,5-kbp 
G6PDH gene was recovered. This gene was ligated to an about 2.7-kbp DNA 
fragment obtained by digesting plasmid pUCG with restriction enzymes Nco I and Pst I 
to construct plasmid pUCMG. 

[0011] 
EXAMPLE 2 

Construction of Recombinant DNA Coding for Fused Enzyme Having Human CRP- 
Derived Peptide Ligated between Pro308/Ala309 of G6PDH 

Using plasmid pUCMG of Example 1 as a template, and using the 
oligonucleotide primer represented by SEQ ID NO: 7, and the oligonucleotide primer 
represented by SEQ ID NO: 10, in which a restriction enzyme Bam H I recognition 
sequence was added to the 5 '-end side of an anti-sense strand sequence upstream from 
Pro308, the PCR was conducted to obtain an about 0.9-kbp DNA fragment containing a 
part from the N-terminal to Pro308 of the G6PDH gene, in which the restriction enzyme 
Bam H I recognition sequence was ligated to a downstream site. Similarly, using the 
oligonucleotide primer represented by SEQ ID NO: 11, in which a restriction enzyme 
Bam HI recognition sequence was added to the 5'-end side of an anti-sense chain 
sequence downstream from Ala309, and the oligonucleotide primer represented by SEQ 
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ID NO: 12 containing the C-terminal anti-sense strand sequence of the G6PDH gene, an 
about 0.6-kbp DNA fragment containing a part from Ala309 to the C-terminal of the 
G6PDH gene, in which the restriction enzyme BamH I recognition sequence was ligated 
to an upstream site was obtained. 

The fragment of the N-terminal side was digested with restriction enzymes 

/ 

BamH I and Nco I, and the fragment of the C-terminal side was digested with restriction 
enzymes BamH I and Pst I, followed by ligation with an about 2.7-kbp DNA fragment 
obtained by digesting plasmid pUCMG with restriction enzyme Nco I and Pst I. Thus, 
recombinant pUCMG308B having a BamH I site sequence only at Pro308/Ala309 of 
the G6PDH gene was constructed. This recombinant was cleaved with restriction 
enzyme BamH I, and synthetic polynucleotides (a combination of SEQ ID NO: 13 and 
SEQ ID NO: 14, complemental with each other) having DNA coding for the amino acid 
sequence represented by SEQ ID NO: 2 were ligated thereto to construct 
pUCMG308Cl. Synthetic nucleotides (a combination of SEQ ID NO: 15 and SEQ ID 
NO: 16, and a combination of SEQ ID NO: 21 and SEQ ID NO: 22, complemental with 
each other) having DNA coding for a part (portion) of the amino acid sequence 
represented by SEQ ID NO: 3 were each ligated to construct pUCMG308C2 and 
pUCMG308C13. Further, synthetic nucleotides (a combination of SEQ ID NO: 17 
and SEQ ID NO: 18, complemental with each other) having DNA coding for the amino 
acid sequence represented by SEQ ID NO: 4 were ligated to construct pUCMG308C3, 
and synthetic nucleotides (a combination of SEQ ID NO: 19 and SEQ ID NO: 20, 
complemental with each other) having DNA coding for the amino acid sequence 
represented by SEQ ID NO: 5 were ligated to construct pUCMG308C5. The 
respective synthetic nucleotides have the following complemental structures with each 
other: 

[Chemical Formula l] 
5'-gatccgacatgtcgaggaaggcttttgtgtttcccaaagagtcggatacttccg -3* SEQ ID NO: 13 
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3'- gatccggaagtatccgactctttgggaaacacaaaagccttcctcgacatgtcg-5' 



SEQ ID NO: 14 



5'-gatccgtgctgtcaccagatgagattaacaccatctatcttggcgggg -3* 



SEQ ID NO: 15 



gatcccccgccaagatagatggtgttaatctcatctggtgacagcacg-5* 



SEQ ID NO: 16 



5-gatccctgaagaagggatacactgtgggggcagaagcaagcg -3' 



SEQ ID NO: 17 



gatccgcttgcttctgcccccacagtgtatcccttcttcagg-5* 



SEQ ID NO: 18 



5'-gatcccgggcactgaagtatgaagtgcaaggcgaag -3' 



SEQ ID NO: 19 



3'- 



gatccttcgccttgcacttcatacttcagtgcccgg-5' 



SEQ ID NO: 20 



gatcctagtgggagacattggaaatgtgaacatgtgggactttgtgg -3' 



SEQ ID NO: 21 



3'- gatcccacaaagtcccacatgttcacatttccaatgtctcccaGtag-5V 



SEQ ID NO: 22 



[0012] 
EXAMPLE 3 

Expression and Extraction of Fused Enzymes G308C1, G308C2, G308C3, G308C5 and 
G308C13 

Recombinant DNAs pUCMG308Cl, pUCMG308C3, pUCMG308C5, 
pUCMG308C2 and pUCMG308C13 of Example 2 were transformed into E. Coli XLl- 
Blue. According to the method of Levy et al. (Protein Science . 1, 329- (1992)), the 
transformed E* Coli was shake cultured in LB medium (DIFCO) at 37°C for 16 hours to 
obtain a culture medium. The resulting culture medium was inoculated in LB medium 
to yield a final concentration of 2%, and shake cultured at 37'*C for 5 hours. Then, 
IPTG (isopropyl- )3 -D-thiogalactopyranoside) was added to achieve a final 
concentration of 0.5 mM, thereby inducing expression, and the culture was incubated at 
37°C for 16 hours, followed by centrifugation at 4°C at 6000 rpm for 10 minutes to 
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obtain the cells. The cells were suspended in a 10 mM Tris/HCl buffer containing 8% 
sucrose, 0.1% Triton-X and 50mM EDTA, and lysozyme was added thereto so as. to 
give a final concentration of 33 mg/ml. The resulting product was allowed to stand at 
3TC for 30 minutes, and then, insoluble material was removed by centrifugation at 
15000 rpm for 20 minutes to obtain a solution of each of fused enzymes G308C1, 
G308C2, G308C3, G308C5 and G308C13. As a control, a wild type enzyme solution 
was also similarly obtained from plasmid pUCMG. 

[0013] 
EXAMPLE 4 

Effect of Anti-CRP Antibody to Enzyme Activity of Fused Enzymes G308C1, G308C2, 
G308C3, G308C5 and G308C13 

The activity of the fused enzyme solutions obtained in Example 3 was assayed 
in the absence and presence of an anti-CRP antibody, respectively, to examine 
modulations in enzyme activity due to the binding of the anti-CRP antibody. To 6 Ml 
of a 400-fold dilution of each fused enzyme solution with a 100 mM Tris/HCl buffer 
(pH 7.8) containing 1% bovine albumin, 3 mM magnesium chloride and 150 mM 
sodium chloride, 150 1 of a 100 mM Tris/HCl buffer containing 3 mM magnesium 
chloride and 150 mM sodium chloride (pH 7.8, buffer A), or of a 100-fold antibody 
dilution of anti-CPR goat antibody with buffer A was added, followed by reaction at 
3TC for 5 minutes. Then, 75 M 1 of buffer A containing 10 mM glucose-6-phosphate 
(G6P) and 5 mM nicotinamide adenine dinucleotide (NAD) was added thereto, 
followed by reaction at 37''C for 5 minutes, and the changes in absorbance at a 
wavelength of 340 nm for 5 minutes were determined as G6PDH activity. Activity 
ratio of the enzyme activity in the presence of the anti-CRP antibody to that in the 
absence of the antibody is shown in Table 2. As a result, it is known that the wild type 
G6PDH indicates no difference in activity between in the absence of the anti-CRP 
antibody and in the presence thereof, whereas fused enzymes G308C1, G308C2, 
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G308C3, G308C5 and G308C13 are decreased in the enzyme activity in the presence of 
the anti-CRP antibody, compared to that in the absence thereof. That is to say, in the 
fused enzymes in which CRP peptides represented by SEQ ID NO: 2, SEQ ID NO: 3, 
SEQ ID NO: 4 and SEQ ID NO: 5 or a part thereof are inserted at Pro308/Ala309 of 
G6PDH, it is found that their enzyme activity is inhibited by the binding of the anti- 
CRP antibody. 
[Table 2] 





Activity Ratio 


Wild type 


101% 


Fused Enzyme 
G308C1 


86% 


G308C2 


29% 


G308C3 


36% 


G308C5 


88% 


G308C13 


39% 



Activity ratio (%) = (G6PDH activity in the presence of antibody)/(G6PDH 
activity in the absence of antibody) X 100 
EXAMPLES 

Assay of Anti-CRP antibody Using Fused Enzyme G308C1 

Modulations in the activity of fused enzyme G308C1 which are dependent on 
the amount of the anti-CRP antibody were examined. To 50 Ul of each of 100-fold, 
1000-fold, 10000-fold and 100000-fold dilutions of the anti-CRP monoclonal antibody 
with buffer A, or to 50 Ul of buffer A, 100 /xl of a 3300-fold dilution of fused 
enzyme G308Ci diluted with buffer A was added, followed by reaction at 37°C for 5 
minutes. Then, 75 M 1 of buffer A containing 10 mM G6P and 6 mM NAD was added 
thereto, followed by reaction at 37°C for 5 minutes, and the chfuiges in absorbance at 
a wavelength of 340 nm for 5 minutes were determined as G6PDH activity. Results 
thereof are shown in Fig. 1. As known from the results, a phenomenon is observed 
that the enzyme activity increases with a decrease in the amount of the anti-CRP 
antibody. That is to say, it is shown that the anti-CRP antibody can be assayed using 
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the fused enzyme in which CRP peptide represented by SEQ ID NO: 2 is inserted at 
Pro308/Ala309 of G6PDH. 

[0014] 
EXAMPLE 6 

Assay of CRP Using Fused Enzyme G308C1 

It was examined whether the hybrid enzyme activity inhibited by the binding of 
the anti-CRP antibody is recovered with an increase in the CRP concentration. To 6 Hi 
of each of CRP solutions of various concentrations (0, 10, 20 and 40 mg/dl), 100 Ii 1 of 
a 3300-fold dilution of a solution of fused enzyme G308C1 diluted with buffer A was 
added, followed by reaction at 37°C for 3 minutes. Then, 50 Ml of a 10000-fold 
dilution of the anti-CRP monoclonal antibody diluted with buffer A was added thereto. 
After further reaction at 37''C for 3 minutes, 75 /x 1 of buffer A containing 10 mM G6P 
and 6 mM NAD was added thereto, followed by reaction at 37°C for 5 minutes, and the 
changes in absorbance at a wavelength of 340 nm for 5 minutes were determined as 
G6PDH activity. As shown in Fig. 2, a phenomenon is observed that the activity is 
recovered with an increase in CRP concentration. That is to say, it is shown that CRP 
can be assayed using the fused enzyme in which CRP peptide represented by SEQ ID 
NO: 2 is inserted at Pro308/Ala309 of G6PDH. 
EXAMPLE 7 

Assay of CRP Using Fused Enzymes G308C2, G308C3 and G308C5 

The assay of CRP was tried in the same manner as with Example 6. Dilutions 
of fused enzymes G308C2, G308C3 and G308C5 were 5000-fold, 15000-fold and 
2000-fold, respectively, and the dilution ratio of anti-CPR goat antibody was 8-fold. 
As a result, a phenomenon is observed that the activity is recovered with an increase in 
CRP concentration, as shown in Figs. 3,4 and 5. That is to say, it is shown that CRP 
can be assayed using the fused enzymes in which CRP peptides represented by SEQ ID 
NO: 3, SEQ ID NO: 4 and SEQ ID NO: 5 are each inserted at Pro308/Ala309 of 
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G6PDH. 

[0015] 
EXAMPLE 8 

Construction of Recombinant DNA Coding for Fused Enzyme Having CRP-Derived 
Peptide Inserted at Asp306A^al307 of G6PDH 

Using a combinations of the oligonucleotide primers represented by SEQ ID 
NO: 7 and SEQ ID NO: 23 and a combination of the oligonucleotide primers 
represented by SEQ ID NO: 12 and SEQ ID NO: 24, recombinant pUCMG306B having 
a BamH I site only at Asp306A^al307 of the G6PDH gene was constructed, and the 
synthetic oligonucleotides represented by SEQ ID NO: 13 and SEQ ID NO: 14 were 
ligated thereto to construct recombinant DNA pUCMG306Cl, in the same manner as 
with Example 2. 
EXAMPLE 9 

Assay of CRP Using Fused Enzyme G306C1 

A solution of fused enzyme G306C1 was obtained in the same manner as with 
Example 3. Then, the assay of CRP was tried in the same manner as with Example 6. 
A 500-fold dilution of the fused enzyme solution was used, and the dilution ratio of 
anti-CPR monoclonal antibody was 3200-fold. As a result, a phenomenon is observed 
that the activity is recovered with an increase in CRP concentration, as shown in Fig. 6. 
That is to say, it is shown that CRP can be assayed| using the fused enzyme in which 
CRP peptide represented by SEQ ID NO: 2 is inserted at Asp306A^al307 of G6PDH. 

[0016] 
EXAMPLE 10 

Construction of Recombinant DNA Coding for Fused Enzyme Having CRP-Derived 
Peptide Inserted between Ala309/Asp310 of G6PDH 

Using a combinations of the oligonucleotide primers represented by SEQ ID 
NO: 7 and SEQ ID NO: 25 and a combination of the oligonucleotide primers 
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represented by SEQ ID NO: 12 and SEQ ID NO: 26, recombinant pUCMG309B having 
a BamH I site only at Ala309/Asp310 of the G6PDH gene was constructed, and the 
sjoithetic oligonucleotides represented by SEQ ID NO: 13 were ligated thereto to 
construct recombinant DNA pUCMG309Cl, in the same manner as with Example 2. 
EXAMPLE 11 

Assay of CRP Using Fused Enzyme G309C1 

A solution of fused enzyme G309C1 was obtained in the same marmer as with 
Example 3. Then, the assay of CRP was tried in the same manner as with Example 6. 
A 2500-fold dilution of the fused enzyme solution and a 1000-fold dillution of anti-CRP 
monoclonal antibody were used, and the dilution ratio of anti-CPR monoclonal antibody 
was 10000-fold. As a result, a phenomenon is observed that the activity is recovered 
with an increase in CRP concentration, as shown in Fig. 7. That is to say, it is shown 
that CRP can be assayed using the fused enzyme in which CRP peptide represented by 
SEQ ID NO: 2 is inserted at Ala309/Asp310 of G6PDH. 

[0017] 
EXAMPLE 12 

Construction of Recombinant DNA Coding for Fused Enzyme Having CRP-Derived 
Peptide Added to C-Terminal of G6PDH 

Using plasmid pBSMG, the oligonucleotide primer represented by SEQ ID 
NO: 27 and Mutan-K (Takara Shuzo Co., Ltd.), plasmid pBSMGCB having a restriction 
enzyme BamH I sequence added to the C-terminal of the G6PDH gene was constructed 
according to the Kunkel method. Then, recombinant pUCMGCB having the 
restriction enzyme BamH I sequence only at the C-terminal was constructed, and the 
synthetic oligonucleotide represented by SEQ ID NO: 13 was ligated thereto to 
construct recombinant DNA pUCMGCCl, in the same manner as with Examples 1 and 
2. 
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EXAMPLE 13 

Effect of Anti-CRP Antibody to Enzyme Activity of Fused Enzyme GCCl 

A solution of fused enzyme GCCl was obtained in the same manner as with 
Example 3. Then, the effect at the time when the anti-CRP antibody was ligated to 
fused enzyme GCCl was examined by the same procedure as with Example 4. 
Activity ratio of the enzyme activity in the presence of the anti-CRP antibody to that in 
the absence of the antibody is shown in Table 3. As a result, it is known that the wild 
type G6PDH indicates no difference in activity between in the absence of the anti-CRP 
antibody and in the presence thereof, whereas fused enzyme GCCl is decreased in the 
enzyme activity in the presence of the anti-CRP antibody, compared to that in the 
absence thereof. That is to say, in the fused enzyme in which CRP peptide represented 
by SEQ ID NO: 2 is ligated to the C-terminal of G6PDH, it is found that its enzyme 
activity is inhibited by the binding of the anti-CRP antibody. 
[Tables] 





Activity Ratio 


Wild type 


101% 


Fused Enzyme 
GCCl 


95% 



Activity ratio (%) = (G6PDH activity in the presence of antibody)/(G6PDH 
activity in the absence of antibody) X 100 

[0018] 
EXAMPLE 14 

Construction of Recombinant DNA Coding for Fused Enzyme Having CRP-Derived 
Peptide Ligated between Glu362/Gln363 of G6PDH 

Using a combinations of the oligonucleotide primers represented by SEQ ID 
NO: 7 and SEQ ID NO: 28 and a combination of the oligonucleotide primers 
represented by SEQ ID NO: 12 and SEQ ID NO: 29, recombinant pUCMG362B having 
a restriction enzyme BamH I sequence only at Glu362/Gln363 of the G6PDH gene was 
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constructed, and the synthetic oligonucleotides represented by SEQ ID NO: 13 were 
ligated thereto to construct recombinant DNA pUCMG362Cl, in the same manner as 
with Example 2. 
EXAMPLE 15 

Assay of Anti-CRP Antibody Using Fused Enzyme G362C1 

A solution of fused enzyme G362C1 was obtained in the same manner as with Example 
3. Then, modulations in the activity of fused enzyme G362C1 with the amount of the 
anti-CRP antibody were examined in the same manner as with Example 5. As a result, 
a phenomenon is observed that the activity is increased Nvith an increase in the anti-CRP 
antibody concentration, as shown in Fig. 8. That is to say, it is shown that an anti-CRP 
antibody can be assayed using the fused enzyme in which CRP peptide represented by 
SEQ ID NO: 2 is inserted at Glu362/Gln363 of G6PDH. 
[0019] 

[Effect of the Invention] 

Using the hybrid enzyme of the present invention into which the foreign 
peptide is inserted, the presence and the amount of the material having the binding 
ability to the foreign peptide can be directly assayed. Further, when the hybrid enzyme 
and the material having the binding ability to the foreign peptide are used in 
combination, the presence and the amount of a macromolecule material containing the 
foreign peptide can be indirectly detected and assayed. Furthermore, the use of the 
hybrid enzyme of the present invention makes it possible to assay a trace amount of 
CRP in a sample by a homogeneous colorimetry, which enables early diagnosis of 
inflammation in the tissue, and further early diagnosis of diseases. Moreover, various 
macromolecule materials can be easily assayed in homogeneous systems. 

[0020] 

[Sequencing List] 

SEQUENCE LISTING 
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I 



<110> WAKO PURE CHEMICAL INDUSTRIES, LTD. 

<120> Hybrid Enzymes and Use Thereof 

<130> WJ017 

<140> 
<141> 

<160> 31 

<170> Patentin Ver. 2. 1 

<210> 1 
<211> 206 
<212> PRT 
<213> Human 

.<400> 1 

Gin Thr Asp Met Ser Arg Lys Ala Phe Val Phe Pro Lys GIu Ser Asp 
15 10 15 
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Thr Ser Tyr Val Ser Leu Lys Ala Pro Leu Thr Lys Pro Leu Lys Ala 
20 25 30 



Phe Thr Val Cys Leu His Phe Tyr Thr Glu Leu Ser Ser Thr Arg Gly 
35- 40 45 

Tyr Ser He Phe Ser Tyr Ala Thr Lys Arg Gin Asp Asn Glu He Leu 
50 55 60 

He Phe Trp Ser Lys Asp He Gly Tyr Ser Phe Thr Val Gly Gly Ser 
65 70 75 80 

Glu He Leu Phe Glu Val Pro Glu Val Thr Val Ala Pro Val His He 
85 . 90 . 95 

Cys Thr Ser Trp Glu Ser Ala Ser Gly He Val Glu Phe Trp Val Asp 
100 105 . 110 

Gly Lys Pro Arg Val Arg Lys Ser Leu Lys Lys Gly Tyr Thr Val Gly 
115 120 125 

Ala Glu Ala Ser He He Leu Gly Gin Glu Gin Asp Ser Phe Gly Gly 

130 135 140 
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Asn Phe Glu Gly Ser Gin Ser Leu ValGly Asp He Gly Asn Val Asn 
145 150 155 160 



Met Trp Asp Phe Val Leu Ser Pro Asp Glu He Asn Thr He Tyr Leu 
165 170 175 



Gly Gly Pro Phe Ser Pro Asn Val Leu Asn Trp Arg Ala Leu Lys Tyr 
180 185 190 



Glu Val Gin Gly Glu Val Phe Thr Lys Pro Gin Leu Trp Pro 
195 200 205 



<210> 2 
<211> 16 
<212> PRT 
<213> Human 

<400> 2 

Asp Met Ser Arg Lys Ala Phe Val Phe Pro Lys Glu Ser Asp Thr Ser 
15 10 15 
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<210> 3 
<211> 27 
<212> PRT 
<213> Human 

<400> 3 

Leu Val Gly Asp He Gly Asn Val Asn Met Trp Asp Phe Val Leu Ser 
15 10 15 

Pro Asp Glu He Asn Thr He Tyr Leu Gly Gly 
20 25 



<210> 4 
<211> 12 
<212> PRT 
<213> Human 

<400> 4 

Leu Lys Lys Gly Tyr Thr Val Gly Ala Glu Ala Ser 
1 5 10 
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<210> 5 
<211> 10 
<212> PRT 
<213> Human 

<400> 5 

Arg Ala Leu Lys Tyr Glu Val Gin Gly Glu 
1 5 10 

<210> 6 
<211> 486 
<212> PRT 

<213> Leuconostoc mesenteroides 
<400> 6 

Met Val Ser Glu He Lys Thr Leu Val Thr Phe Phe Gly Gly Thr Gly 
1 5 10 . 15 

Asp Leu Ala Lys Arg Lys Leu Tyr Pro Ser Val Phe Asn Leu Tyr Lys 
20 25 30 
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Lys Gly Tyr Leu Gin Lys His Phe Ala He Val Gly Thr Ala Arg Gin 



35 



40 



45 



Ala Leu Asn Asp Asp Glu Phe Lys Gin Leu Val Arg Asp Ser He Lys 
50 55 60 



Asp Phe Thr Asp Asp Gin Ala Gin Ala Glu Ala Phe He Glu His Phe 



65 



70 



75 



80 



Ser Tyr Arg Ala His Asp Val Thr Asp Ala Ala Ser Tyr Ala Val Leu 
85 90 95 



Lys Glu Ala He Glu Glu Ala Ala Asp Lys Phe Asp He Asp Gly Asn 



100 



105 



110 



Arg He Phe Tyr Met Ser Val Ala Pro Arg Phe Phe Gly Thr He Ala 
115 120 125 

Lys Tyr Leu Lys Ser Glu Gly Leu Leu Ala Asp Thr Gly Tyr Asn Arg 
130 135 140 



Leu Met He Glu Lys Pro Phe Gly Thr Ser Tyr Asp Thr Ala Ala Glu 



145 



150 



155 



160 
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Leu Gin Asn Asp Leu Glu Asn Ala Phe Asp Asp Asn Gin Leu Phe Arg 
165 170 175 

He Asp His Tyr Leu Gly Lys Glu Met Val Gin Asn He Ala Ala Leu 
180 185 190 . 

Arg Phe Gly Asn Pro He Phe Asp Ala Ala Trp Asn Lys Asp Tyr He 
195 200 205 

Lys Asn Val Gin Val Thr Leu Ser Glu Val Leu Gly Val Glu Glu Arg 
210 215 220 

Ala Gly Tyr Tyr Asp Thr Ala Gly Ala Leu Leu Asp Met He Gin Asn 
225 230 235 240 

. His Thr Met Gin He Val Gly Trp Leu Ala Met Glu Lys Pro Glu Ser 
245 250 255 

Phe Thr Asp Lys Asp He Arg Ala Ala Lys Asn Ala Ala Phe Asn Ala 
260 265 270 

Leu Lys He Tyr Asp Glu Ala Glu Val Asn Lys Tyr Phe Val Arg Ala 
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275 



280 



285 



Gin Tyr Gly Ala Gly Asp Ser Ala Asp Phe Lys Pro Tyr Leu Glu Glu 
290 295 300 

Leu Asp Val Pro Ala Asp Ser Lys Asn Asn Thr Phe He Ala Gly Glu 
305 310 315 320 

Leu Gin Phe Asp Leu Pro Arg Trp Glu Gly Val Pro Phe Tyr Val Arg 
325 330 335 

Ser Gly Lys Arg Leu Ala Ala Lys Gin Thr Arg Val Asp He Val Phe 
340 345 350 

Lys Ala Gly Thr Phe Asn Phe Gly Ser Glu Gin Glu Ala Gin Glu Ala 
355 360 365 

Val Leu Ser He He He Asp Pro Lys Gly Ala He Glu Leu Lys Leu 
370 375 380 

Asn Ala Lys Ser Val Glu Asp Ala Phe Asn Thr Arg Thr He Asp Leu 
385 390 395 400 
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Gly Trp Thr Val Ser Asp Glu Asp Lys Lys Asn Thr Pro Glu Pro Tyr 
405 410 415 

Glu Arg Met He His Asp Thr Met Asn Gly Asp Gly Ser Asn Phe Ala 
420 425 430 

Asp Trp Asn Gly Val Ser He Ala Trp Lys Phe Val Asp Ala He Ser 
435 440 445 

Ala Val Tyr Thr Ala Asp Lys Ala Pro Leu Glu Thr Tyr Lys Ser Gly 
450 455 460 

Ser Met Gly Pro Glu Ala Ser Asp Lys Leu Leu Ala Ala Asn Gly Asp 
465 470 475 480 

Ala Trp Val Phe Lys Gly 
485 



<210> 7 
<211> 39 
<212> DNA 

<213> Artificial Sequence 



46 



<220> . 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> '7 

ataaggggta caccatggtt tcagaaatca agacgttag 

<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of .Art i f icial Sequence: Oligonucleotide primer 
<400> 8 

ttcccgggct ttaattaacc tttaaacacc 

<210> 9 
<211> 30 
<212> DNA 

47 



<213> Art i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 9 

tggttggtta gctatggaaa aaccagaatc 

<210> 10 
<211> 34 
<212> DNA 

<213> Art i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 10 

taggatccag gtacgtctaa ttcttcaagg tatg 



<210> 11 
<211> 32 



48 



<212> DNA 

<213>. Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 11 

atggatccgc tgattctaaa aacaatacct tc 

<210> 12 
<211> 25 
<212> DNA 

<213> Ar.tificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide primer 
<400> 12 

aagcttgcat gcctgcaggt tcccg 



<210> 13 
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<211> 54 
<212> DNA 

<213> Art i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotides consisting of the DNA 
coding for amino acids of Sequence 2, and a partial restriction site of BamHI 
consisting of 5'end of "gatcc" and 3' end of "g". 

<400> 13 

■gatccgacat gtcgaggaag get t t tgtgt ttcccaaaga gtcggatact tccg 54 

<210> 14 - 
<211> 54 
<2r2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Complemental DNA of Sequence 13 
<400> 14 

gatccggaag tatccgactc tttgggaaac acaaaagcct tcctcgacat gtcg 54 
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<210>. 15 



<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide consisting of the DNA 
coding for partial amino acids of Sequence 3, and a partial restriction site of 
BamHI consisting of 5' end of "gatcc" and 3' end of "g".. 

<400> 15 

gatccgtgct gtcaccagat gagattaaca ccatctatct tggcgggg 48 

<210> 16 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Complemental DNA of Sequence 15 
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<400> 16 . 

gatcccccgc caagatagat ggtgttaatc tcatctggtg acagcacg 48 

<210> 17 
<211> 42 
<212.> DNA 

<213> Ar t i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide consisting of the DNA 
coding for amino acids of Sequence 4, and a partial restriction site of BamHI 
consisting of 5' end of "gatcc" and 3' end of "g". 

<400> 17 

gatccctgaa gaagggatac actgtggggg cagaagcaag eg 42 

<210> 18 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Cbmplemental DNA of Sequence 17 
<400> 18 

gatccgcttg cttctgcccc cacagtgtat cccttcttca gg 42 



<210> 19 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide consisting of the DNA 
coding for amino acids of Sequence 5, and a partial restriction site of BamHI 
consisting of 5' end of "gatcc" and 3' end of "g". 

<400> 19 

gatcccgggc actgaagtat gaagtgcaag gcgaag 36 



<210> 20 
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<211> 36 
<212> DNA 

<213> Arti f icial Sequence 
<220> 

<223> Description of Artificial Sequence: Complemental DNA of Sequence 19 
<400> 20 

gatccttcgc cttgcacttc atacttcagt gcccgg 36 

<210> 21 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide consisting of the DNA 
coding for partial amino acids of Sequence 3, and a partial restriction site of 
BamHI consisting of 5'end of "gatcc" and 3' end of "g". 

<400> 21 

gatcctagtg ggagacattg gaaatgtgaa catgtgggac tttgtgg 47 
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<210> 22 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Complemental DNA of Sequence 21 
<400> 22 

gatcccacaa agtcccacat gttcacattt ccaatgtctc ccactag 47 



<210> 23 

<211> 33 . 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
<400> 23 
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taggatccgt ctaattcttc aaggtatggc t tg 



<210> 24 
<211> 34 
<212> DNA 

<213> Ar t i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
<400> 24 

aaggatccgt acctgctgat tctaaaaaca atac 



<210> 25 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 



<400> 25 
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t.tggatccag caggtacgtc taattcttca ag 



32 



<210> 26 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of ArtificiaT Sequence: Oligonucleotide Primer 

<400> 26 ' 
taggatccga ttctaaaaac aataccttca teg 

<210> 27 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 

57 



<400> 27 

gggtgtttaa aggtggatcc taattaaagc ccgg 

<210> 28 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
<400> 28 

taggatcctt ctgaaccaaa gttaaacgtg cc 

<210> 29 
<211> 32 
<212> DNA 

<213> Ar t i f icial Sequence 
<220> 

<223> Description of Artificial Sequence: Oligonucleotide Primer 
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<400> 29 

atggatccca agaagcacaa gaagctgtct tg 

<210> 30 
<211> 1024 
<212> PRT 

<213> Escherichia coli 

r 

<400> 30 

Met Thr Met He Thr Asp Ser Leu Ala Val Val Leu Gin Arg Arg Asp 
1 5 10 15 

Trp Glu Asn Pro Gly Val Thr Gin Leu Asn Arg Leu Ala Ala His Pro 
20 25 30 

Pro Phe Ala Ser Trp Arg Asn Ser Glu Glu Ala Arg Thr Asp Arg Pro 
35 40 45 

Ser Gin Gin Leu Arg Ser Leu Asn Gly Glu Trp Arg Phe Ala Trp Phe 
50 55 60 
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Pro Ala Pro Glu Ala Val Pro Glu Ser Trp Leu Glu Cys Asp Leu Pro 
65 70 75 80 



Glu Ala Asp Thr Val Val Val Pro Ser Asn Trp Gin Met His Gly Tyr 
- 85 90 95 

Asp Ala Pro He Tyr Thr Asn Val Thr Tyr Pro He Thr Val Asn Pro 
100 105 110 

Pro Phe Val Pro Thr Glu Asn Pro Thr Gly Cys Tyr Ser Leu Thr Phe 
115 120 125 

Asn Val Asp Glu Ser Trp Leu Gin Glu Gly Gin Thr Arg He He Phe 
130 135 140 

Asp Gly Val Asn Ser Ala Phe His Leu Trp Cys Asn Gly Arg Trp Val 
145 150 155 160 

Gly Tyr Gly Gin Asp Ser Arg Leu Pro Ser Glu Phe Asp Leu Ser Ala 
165 170 175 

Phe Leu Arg Ala. Gly Glu Asn Arg Leu Ala Val Met Val Leu Arg Trp 

180 185 190 

60 



Ser Asp Gly Ser Tyr Leu Glu Asp Gin Asp Met Trp Arg Met Ser Gly 
195 200 205 

lie Phe Arg Asp Val Ser Leu Leu His Lys Pro Thr Thr Gin He Ser 
210 215 220 

Asp Phe His Val Ala Thr Arg Phe Asn Asp Asp Phe Ser Arg Ala Val 
225 230 235 240 

Leu Glu Ala Glu Val Gin Met Cys Gly Glu Leu Arg Asp Tyr Leu Arg 
245 250 255 

Val Thr Val Ser Leu Trp Gin Gly Glu Thr Gin Val Ala Ser Gly Thr 
260 265 270 

Ala Pro Phe Gly Gly Glu He He Asp Glu Arg Gly Gly Tyr Ala Asp 
275 280 285 

Arg Val Thr Leu Arg Leu Asn Val Glu Asn Pro Lys Leu Trp Ser Ala 
■ 290 295 300 

Glu He Pro Asn Leu Tyr Arg Ala Val Val Glu Leu His Thr Ala Asp 
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305 



310 



315 



320 



Gly Thr Leu lie Glu Ala Glu Ala Cys Asp Val Gly Phe Arg Glu Val 
325 330 335 

Arg lie Glu Asn Gly Leu Leu Leu Leu Asn Gly Lys Pro Leu Leu lie 
340 345 350 

Arg Gly Val Asn Arg His Glu His His Pro Leu His Gly Gin Val Met 
355 360 365 

Asp Glu Gin Thr Met Val Gin Asp He Leu Leu Met Lys Gin Asn Asn 
370 375 380 

Phe Asn Ala Val Arg Cys Ser His Tyr Pro Asn His Pro Leu Trp Tyr 
385 390 395 400 

Thr Leu Cys Asp Arg Tyr Gly Leu Tyr Val Val Asp Glu Ala Asn lie 
405 410 415 

Glu Thr His Gly Met Val Pro Met Asn Arg Leu Thr Asp Asp Pro Arg 
420 425 430 
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Trp Leu Pro Ala Met Ser Glu Arg Vai Thr Arg Met Val Gin Arg Asp 



435 440 445 

Arg Asn His Pro Ser Val He He Trp Ser Leu Gly Asn Glu. Ser Gly 
450 455 460 

His Gly Ala Asn His Asp Ala Leu Tyr Arg Trp He Lys Ser Val Asp 
465 470 475 480 

Pro Ser Arg Pro Val Gin Tyr Glu Gly Gly Gly Ala Asp Thr Thr Ala 
485 490 495 



Thr Asp He He Cys Pro Met Tyr 
500 

Phe Pro Ala Val Pro Lys Trp Ser 
515 520 

Gly Glu Thr Arg Pro Leu He Leu 
530 535 

Asn Ser Leu Gly Gly Phe Ala Lys 
545 550 



Ala Arg Val Asp Glu Asp Gin Pro 
505 510 

He Lys Lys Trp Leu Ser Leu Pro 
525 

Cys Glu Tyr Ala His Ala Met Gly 
540 

Tyr Trp Gin Ala Phe Arg Gin Tyr 
555 560 
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Pro Arg Leu Gin Gly Gly Phe Val Trp Asp Trp Val Asp Gin Ser Leu 
565 570 575 



He Lys Tyr Asp Glu Asn Gly Asn 
580 

Phe Gly Asp Thr Pro Asn Asp Arg 
595 600 

Phe Ala Asp Arg Thr Pro His Pro 
610 615 

Gin Gin Phe Phe Gin Phe Arg Leu 
625 630 

Ser Glu Tyr Leu Phe Arg His Ser 
645 

Val Ala Leu Asp Gly Lys Pro Leu 
660 

Val Ala Pro Gin Gly Lys Gin Leu 



Pro Trp Ser Ala Tyr Gly Gly Asp 
585 590 

Gin Phe Cys Met Asn Gly Leu Val 
605 

Ala Leu Thr Glu Ala Lys His Gin 
620 

Ser Gly Gin Thr He Glu Val Thr 
635 640 

Asp Asn Glu Leu Leu His Trp Met 
650 655 

Ala Ser Gly Glu Val Pro Leu Asp 
665 670 

He Glu Leu Pro Glu Leu Pro Gin 
64 



675 680 685 

Pro Glu Ser Ala Gly Gin Leu Trp Leu Thr Val Arg Val Val Gin Pro 
690 695 700 

Asn Ala Thr Ala Trp' Ser Glu Ala Gly His lie Ser Ala Trp Gin Gin 
705 710 715 720 

Trp Arg Leu Ala Glu Asn Leu Ser Val Thr Leu Pro Ala Ala Ser His 
725 730 735 

Ala He Pro His Leu Thr Thr Ser Glu Met Asp Phe Cys He Glu Leu 
740 745 750, 

Gly Asn Lys Arg Trp Gin Phe Asn Arg Gin Ser Gly. Phe Leu Ser Gin 
755 760 765 

Met Trp He Gly Asp Lys Lys Gin Leu Leu Thr Pro Leu Arg Asp Gin 
770 775 780 

Phe Thr Arg Ala Pro Leu Asp Asn Asp He Gly Val Ser Glu Ala Thr 
785 790 795 800 
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Arg He Asp Pro Asn Ala Trp Val Glu Arg Trp Lys Ala Ala Gly His 
805 810 815 



Tyr Gin Ala Glu Ala Ala Leu- Leu Gin Cys Thr Ala Asp Thr Leu Ala 
820 825 830 

Asp Ala Val Leu He Thr Thr Ala His Ala Trp Gin His Gin Gly Lys 
835 840 845 

Thr Leu Phe He Ser Arg Lys Thr Tyr Arg He Asp Gly Ser Gly Gin 
850 855 860 

Met Ala He Thr Val Asp Val Glu Val Ala Ser Asp Thr Pro His Pro 
865 870 875 880 

Ala Arg He Gly Leu Asn Cys Gin Leu Ala Gin Val Ala Glu Arg Val 
885 ' 890 895 

Asn Trp Leu Gly Leu Gly Pro Gin Glu Asn Tyr Pro Asp Arg Leu Thr 
900 905 910 

Ala Ala Cys Phe Asp Arg Trp Asp Leu Pro Leu Ser Asp Met Tyr Thr 

915 920 925 

66 



Pro Tyr Val Phe Pro Ser Glu Asn Gly Leu Arg Cys Gly Thr Arg Glu 
930 935 940 



Leu Asn Tyr Gly Pro His. Gin Trp Arg Gly Asp Phe Gin Phe Asn He 
945 950 955 960 

Ser Arg Tyr Ser Gin Gin Gin Leu Met Glu Thr Ser His Arg His Leu 
965 970 975 

Leu His Ala Glu Glu Gly Thr Trp Leu Asn -He Asp Gly Phe His Met 
980 985 990 

Gly He Gly Gly Asp Asp Ser Trp Ser Pro Ser Val Ser Ala Glu Phe 
995 1000 1005 

Gin Leu Ser Ala Gly Arg Tyr His Tyr Gin Leu Val Trp Cys Gin Lys 
1010 1015 . 1020 
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<210> 31 
<211> 448 
<212> PRT 

<213> Escherichia coli 
<400> 31 

Thr Pro Glu Met Pro Val Leu Glu Asn Arg Ala Ala Gin Gly Asp He 
15 10 15 

Thr Ala Pro Gly Gly Ala Arg Arg Leu Thr Gly Asp Gin Thr Ala Ala 
20 25 30 

Leu Arg Asp Ser Leu Ser Asp Lys Pro Ala Lys Asn He He Leu Leu 
35 40 . 45 

He Gly Asp Gly Met Gly Asp Ser Glu He Thr Ala Ala Arg Asn Tyr 
50 55 60 

Ala Glu Gly Ala Gly Gly Phe Phe Lys Gly He Asp Ala Leu Pro Leu 
65 70 75 80 

Thr Gly Gin Tyr Thr His Tyr Ala Leu Asn Lys Lys Thr Gly Lys Pro 

85 90 95 

68 



Asp Tyr Val Thr Asp Ser Ala Ala Ser Ala Thr Ala Trp Ser Thr Gly 
100 105 110 

Val Lys Thr Tyr Asn Gly Ala Leu Gly Val Asp He His Glu Lys Asp 
115 120 125 

His Pro Thr He Leu Glu Met Ala Lys Ala Ala Gly Leu Ala Thr Gly 
130 135 140 

Asn Val Ser Thr Ala Glu Leu Gin Asp Ala Thr Pro Ala Ala Leu Val 
145 150 155 ' 160 

Ala His Val Thr Ser Arg Lys Cys Tyr Gly Pro Ser Ala Thr Ser Glu 
165 170 175 

Lys Cys Pro Gly Asn Ala Leu Glu Lys Gly Gly Lys Gly Ser He Thr 
180 185 190 

Glu Gin Leu Leu Asn Ala Arg Ala Asp Val Thr Leu Gly Gly Gly Ala 
195 • 200 205 

Lys Thr Phe Ala Glu Thr Ala Thr Ala Gly Glu Trp Gin Gly Lys Thr 

69 



210 215 . 220 

Leu Arg Glu Gin Ala Gin Ala Arg Gly Tyr Gin Leu Val Ser Asp Ala 
225. 230 235 240 

Ala Ser Leu Asn Ser Val Thr Glu Ala Asn Gin Gin Lys Pro Leu Leu 

« 

245 250 255 

Gly Leu Phe Ala Asp Gly Asn Met Pro Val Arg Trp Leu Gly Pro Lys 
260 265 270 

Ala Thr Tyr His Gly Asn He Asp Lys Pro Ala Val Thr Cys Thr Pro 
■275 280 ' 285 

Asn Pro Gin Arg Asn Asp Ser Val Pro Thr Leu Ala Gin Met Thr Asp 
290 295 300 

Lys Ala He Glu Leu Leu Ser Lys Asn Glu Lys Gly Phe Phe Leu Gin 
305 310 315 . 320 

Val Glu Gly Ala Ser He Asp Lys Gin Asp His Ala Ala Asn Pro Cys 
325 330 335 
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Gly Gin lie Gly Glu Thr Val Asp Leu Asp GIu Ala Val Gin Arg Ala 
340 345 350 



Leu Glu Phe Ala Lys Lys GlU Gly Asn Thr Leu Val He Val Thr Ala 
355 360 365 

Asp His Ala His Ala Ser Gin He Val Ala Pro Asp Thr Lys Ala Pro 
370 375 380 

Gly Leu Thr Gin Ala Leu Asn Thr Lys Asp Gly Ala Val Met Val Met 
385 390 395 400 

Ser Tyr Gly Asn Ser Glu Glu Asp Ser Gin Glu His Thr Gly Gin Leu 
405 ^ 410 41,5 

Arg He Ala Ala Tyr Gly Pro His Ala Ala Asn Val Val Gly Leu Thr 
420 425 430 

Asp Gin Thr Asp Leu Phe Tyr Thr Met Lys Ala Ala Leu Gly Leu Lys 
435 . 440 445 
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[0021] 

[Brief Description of the Drawings] 

[Fig. l] Fig.l is a graph showing the ability for measuring an anti-CRP 
antibody of hybrid enzyme G308C1 of the present invention. 

[Fig. 2] Fig.2 is a graph showing the ability for measuring CRP of hybrid 
enzyme G308C1 of the present invention. In Figs. 2 to 8, 

Recovery (%) = {(G6PDH activity at each CRP concentration) - (G6PDH 
activity at 0 mg/dl of CRP)}/{(G6PDH activity in the absence of antibody) -(G6PDH 
activity at 0 mg/dl of CRP)} X 100; and 

Activity ratio (%)= {G6PDH activity in the presence of antibody/ G6PDH 
activity in the absence of antibody} X 100. 

[Fig. 3] Fig.3 is a graph showing the ability for measuring CRP of hybrid 
enzyme G308C2 of the present invention. 

[Fig. 4] Fig.4 is a graph showing the ability for measuring CRP of hybrid 
enzyme G308C3 of the present invention. 

[Fig. 5] Fig.5 is a graph showing the ability for measuring CRP of hybrid 
enzyme G308C5 of the present invention. 

[Fig. 6] Fig.6 is a graph showing the ability for measuring CRP of hybrid 
enzjone G306C1 of the present invention. 

[Fig. 7] Fig.7 is a graph showing the ability for measuring CRP of hybrid 
enzyme G309C1 of the present invention. 

[Fig. 8] Fig.8 is a graph showing the ability for measuring the anti-CRP of 
hybrid enzyme G362C1 of the present invention. 
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[Title of Document] Abstract 

[Abstract] . 
[Subject] To provide is a method which makes it possible to measure a trace 
amount of CRP in a sample by a homogeneous colorimetry and a method for assaying a 
macromolecule material in a homogeneous system. 

[Means for Solution] The present inventors have found the specific positions that 
the enzyme activity is maintained also when the foreign peptide is inserted in that 
position, and is modified when a material having binding ability to the inserted foreign 
peptide is bound to the peptide. The present invention provide the hybrid enzyme 
which is inserted a CRP-derived peptide into a specific position. By determining the 
modulation of enzyme activity after contacting the hybrid enzyme with samples, it 
becomes possible to assay a trace amount of CRP in a sample by a homogeneous 
colorimetry. 

[Selected Drawing] Non 
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